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January 9, 1980

Dr. Lee Tebo, Director

Enforcement Division

U. S. Environmental Protection Agency
Region IV

Athens, Georgia
Re: Seminole Plant Units #1 and #2

Application No. FL0036498

Dear Dr. Tebo:

We herewith submit to you a document entitled "Seminole

Plant Units No. 1 and No. 2 316(b) Study and Report". This document,
together with the Final Environmental Impact Statement and the Environ-
mental Analysis dated August 4, 1978 and revised March 15, 1979, contain
all of the information necessary for a determination to be made under
Section 316(b) of the Clean Water Act "that the location, design, con-
struction, and capacity of the cooling water intake structure reflects
the best technology available for minimizing adverse environmental im-

pact".

The Study and Report include documentation of extensive in-
situ testing of a model of the proposed intake operated at the site and
an evaluation of potential adverse environmental impacts. On the basis
of these studies, including actual observed operating performance of a
test apparatus at the proposed intake site in the St. Johns River, 2 mm
slot-opening wedge-wire screens were chosen for the make-up water intake.
It was found that screens of this size opening exhibited lower approach
velocities over time and, during intensive studies, entrained numerically
smaller numbers of fish. This design is superior to all other intake
technologies now available.

Based on the information contained in the documents referred to
in the first paragraph, we request:

1. That the location, design, construction,
and capacity of the cooling water intake
structure be determined to reflect the best
technology available for minimizing adverse
environmental inpact, and

2. That the provisions of Part 1B 1 e of the
NPDES Permit, which would require 316(b)
monitoring, be waived, and
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1.0 EXECUTIVE SUMMARY

This report presents the results of studies conducted for Seminole
Electric Cooperative, Inc. with regards to the proposed cooling water intake
structure of Seminole Plant Units No. 1 and No. 2 which will use makeup
water from the St. Johns River in Palatka, Florida.

The studies reported herein are an extension of the environmental work
reported in "Site Certification Application and Environmental Analysis,
Seminole Plant Units No. 1 and No. 2" dated August 4, 1978 and revised March
15, 1979, hereinafter referred to as the "EA." These studies, together
with those in the EA were performed under Section 316(b) of the Clean
Water Act, or CWA (P.L. 92-500 as amended in 1977) and criteria of the USEPA
316(b) Guidance Manual (1977). Section 316(b) of the CWA requires that the
"...location, design, construction, and capacity of cooling water intake
structures reflect the best technology available for minimizing adverse
environmental impact."

A Plan of Study for the work to assist USEPA to determine best teqh-
nology available (BTA) was submitted to and approved by the USEPA (Region
IV), the U.S. Fish and Wildlife Service, or USFWS (Region IV), the USFWS
National Power Plant Team, the Florida Department of Environmental Regula-
tion, and the Florida Game and Freshwater Fish Commission.

A principal part of these studies consisted of extensive testing
and analyses of impingement and entrainment of vulnerable fish and macro-
invertebrates by the use of a test intake apparatus operated in the St.
Johns River at the proposed intake site. The abundance and distribution of
fish and macroinvertebrates at the site were also studied. Reviews were
conducted of historical fishery data, fish life history data, physical data

on the river, and operating characteristics of the proposed plant.



With respect to the criteria of Section 316(b) of the CWA (as enumer-

ated above), the following conclusions were reached:

1.

30

4.

The location of the plant intake is offshore in an area of rela-
tively low fish and ichthyoplankton densities. This location
avoids beds of aquatic macrophytes and fish nursery areas.

The design of the intake incorporates screens with fine openings
that have a low approach velocity (less than 0.5 feet per second,
maximum) and an extremely uniform velocity distribution. These
screens greatly reduce impingement and entrainment of younger
fish 1ife stages and prevent 1mp1ngement and entrainment of older
fish by excluding them.

Dredging and construction impacts will be greatly reduced by
the presence of relatively deep water at the offshore location and
by the absence of productive macrophyte beds and associated com-
munities.

Closed-cycle cooling will dreatly reduce the capacity (cooling
water withdrawal rate) for the proposed units.

Furthermore, in regards to the USEPA (1977) criteria:

58

6.

8‘

Losses due to impingement or entrainment will be small. Only a
very small fraction of the river will be affected.

The operation of the intake will not significantly reduce or
impair the ecological functioning of the community.

Yields of sport or commercial fish will not be significantly
reduced.

Endangered species will not be adversely affected.

Therefore the cooling water intake structure of proposed Seminole Plant

- Units No.

1 and No. 2 will meet Section 316(b) criteria for "...the best

technology available for minimizing environmental impact."



POS was only finalized after a number of regulatory agencies including
USEPA, U.S. Fish and Wildlife Service, Florida Department of Environmental
Regulation, Florida Game and Freshwater Fish Commission, the St. Johns Water
Management District, and others had opportunities to comment on it.

The POS as finalized had three principal objectives:

1. Assess the potential for adverse impact of operating the proposed
intake.

2. Assess mitigation of the aquatic impacts caused by the intake
by utilizing two different screenh sizes and comparing them.

3. Determine if the two slot sizes of screens tested are feasible
for use 1in the St. Johns River, based on debris and biofouling

tests.

Two screen openings or slot sizes (1 and 2 mm) were considered to be in
the range of screen opening sizes necessary to exclude the early life stages'
and smaller sizes of fish species known to be in the plant site areaov
They were also large enough to operate reliably at the site. However, the
differential screening ability and operational feasibility associated with
these two slot sizes and the backwash system proposed to clean the screens
were not known. Consequently, Seminole conducted an in-situ intake testing
program prior to selection of the final screen design.

The purpose of this report is to discuss the potential adverse environ-
mental impacts of the operation of the proposed intake structure and the
design technology chosen to mitigate these impacts.

2.2 IMPACTS ADDRESSED

Potential adverse environmental impacts due to intake construction
are discussed in "Site Certification Application and Environmental Analysis
(EA) - Seminole Plant Units No. 1 and No. 2" dated August 4, 1978 and
updated March 15, 1979. These impacts fall into two categories: impinge-

ment impacts and entrainment impacts.



A principal part of these studies consisted of extensive testing
and analysis of impingement and entrainment of vulnerable fish and macro-
invertebrates by the use of a test intake apparatus operated in the St.
Johns River at the proposed intake site. The abundance and distribution of
fish and macroinvertebratgs at the site were also studied. Reviews were
conducted of historical fishery data, fish life history data, physical data
on the river, and operating characteristjcs of the proposed plant.

2.2.1 Impingement

Impingement is defined as the entrapment of organisms against a screen-
ing device. Organisms impinged are held against the screening device by
the force of the water being drawn through the screens. Impingement is
generally associated with larger organisms that can be retained on the
screening device without being drawn through the screens. Injury to organ-
isms results from physical damage, abrasion, and suffocation (through gill
covers on fish being held shut).

Where traveling screen systems are used, fish are often lifted from
the water and then fall back into the intake area. Consequently, they May
be impinged several times. These systems also may dry fish, and high
pressure screen washes may abrade and damage the fish further. Conventional
traveling screen systems also may have no provision for returning fish to
the water body. Conventional traveling screens are typical of most all
present cooling water intakes.

Generally, USEPA (1976) recommends an average intake approach velocity
of 0.5 feet per second (fps). This is generally measured about 1 foot (ft)
in front of the screening device. Velocities through screens are higher due
to the smaller cross-sectional area in the screen and the fact that the same
flow passes through the screen as approaches it (Q = VA, where: Q = flow, V

= velocity, A = cross-sectional area). USEPA (1976) also recommends that



the velocity field through the screen be as uniform as possible to avoid
areas of higher velocity flow on the screen surface which can increase
impingement.  Conventional traveling screen systems have highly irregular
velocity fields (USEPA, 1976).

2.2.2 Entrainment

Entrainment is the passage of organisms through an intake screening
system into the cooling water system. Entrained organisms generally suffer
very high to total mortality. Sma]]e} organisms and life stages with
limited swimming ability are generally most subject to entrainment. Phyto-
plankton and zdop]ankton are entrained in cooling systems, but their loss is
generally of Tow importance because of their high abundance and relatively
rapid reproductive cycle. Of greater concern are those organisms with
Tonger reproductive cycles and more delicate life stages, especially fish.

In conventional intake systems, screens allow passage of fish eggs,
larvae, juveniles and the adults of small species. In the St. Johns
River, almost all fish present have eggs, larvae, and juveniles of a size
that could be entrained through such systems. In addition, adults of fhe
various goby species, bay anchovy, silversides, and other fishes are poten-
tially entrainable through conventional screens.

There are only two means of reducing the number of organisms entrained
by conventional intake systems: (1) locating the intake in an area where
the numbers of organisms available for entrainment are lower (generally
of fshore, away from more productive nearshore areas); and (2) reducing
intake water volume requirements. Both of these measures have been taken
as discussed in the EA.

Until very recently, non-conventional technologies that could be

used to reduce intake impacts were extremely limited, and some offered no



significant mitigation of entrainment Tlosses without increasing losses due
to impingement to the same or even greater extent.

One relatively new technology has provided a major advance in intake
impact mitigation. This is a stationary, fine opening, wedge-wire intake
screen. This type of screen provides very uniform velocity fields at
relatively Tow intake velocities. The screen's small openings prevent
entrainment, while its low intake velocity and uniform velocity field reduce
the occurrence of impingement of organisms against the screen. Because the
screens are stationary, no abrasion, lifting, reimpingement, drying, or
screen wash damage to organisms will occur. In addition, the volume of
water influenced by the screens will be small, limiting the opportunity for
fish-screen interactions. The small screen openings will prevent the
entrainment of many smaller organisms and life stages. Use of such a
system will therefore greatly reduce adverse impacts.

2.3 REPORT ORGANIZATION

In this report, a summary of the background of the project is followed
by a description of the intake test program, a presentation of resulfs,
an analysis of the results, and conclusions. A BTA statement, references,

and appendices complete the report.



3.0 BACKGROUND

3.1 PLANT LOCATION

The Seminole Units No. 1 and No. 2 will be constructed inland of the
northwest bank of the lower reach of the St. Johns River (Figure 1) in
northwest Putnam County, Florida. The lower reach of the St. Johns River
extends 100 miles (161 km) from the Oklawaha River north to the Atlantic
Ocean. The portion of the river adjacent to the site is about 6,000 feet
(ft) or 1,800 meters (m) wide and has an average depth of about 10 ft (3.0
m). The river at this point is considered to be a freshwater estuary. The
mean tidal range is 1.2 ft (0.4 m) at Palatka, Florida (USGS, 1977). The
net mean daily freshwater runoff at Palatka was estimated at 7,613 cubic
feet per second (cfs) or 215.58 cubic meters per second (m3/sec)° The
net river velocity is approximately 0.2 foot per second (fps) or 0.06 meter
per second (mps) with a maximum velocity on the order of 1.0 fps (0.30
mps).

Published records covering 8 years show that the maximum upstream river
flow was 20,400 cfs (577.66 m3/sec) on March 24, 1968 and that the maximum
downstream river flow was 31,311 cfs (886.63 m3/sec) on November 5, 1970.
The 7-consecutive-day average daily minimum absolute flow (7-day MAF) of
record (from September 2 to September 8, 1971) was 180 cfs (5.10 m3/sec),
with a net velocity of less than 0.004 fps (0.001 mps).

3.2 COOLING WATER SYSTEM

The cooling system for Seminole Plant Units No. 1 and No. 2 is de-
scribed in the EA. The system will utilize natural-draft cooling towers and
a closed-cycle cooling system.

Makeup water for the cooling system will be withdrawn from the St.

Johns River through wedge-wire screens, then into a wetwell within the



bulkhead (see Proposed Intake Structure) and through pipes to river water
withdrawal pumps. Water will then pass through piping to the plant's
circulating water system (see Figure 2).

The combined makeup water requirements for both units will necessitate
a maximum withdrawal rate of 44 cfs (1.25 m3/sec), This maximum plant
water use is approximately one-half of one percent (0.005) of the mean river
flow. The mean makeup water requirement will be 24.5 cfs (0.69 m3/sec).
The total makeup water requirement for both units will equal a maximum usage
of 3.80x100 cubic ft per day (ft3/dy) (107,653 m3/dy) and an average
usage of 2.11x100 ft3/dy (59,851 m3/dy), Under normal operations, the
average water requirements are a combination of cooling tower evaporative

Tosses, drift losses, blowdown, and service water requirements, as follows:

Makeup Evaporative Service
Water Required = Blowdown + Losses + Losses Water Requirements
2.11x 106% = 520x103 1.59x106 5.21x103 361
59,851 ** = 14.73x103  45.02x103 148.10 10.22

*A11 numbers across are ft3/dy.

**A11 numbers across are m3/dy.

A schematic of water flow throughout the plant is provided in Figure 2.

3.3 INTAKE ALTERNATIVES

The final design of the proposed intake structure was selected from
five alternative intake types and structures that could feasibly be operated
at the site. Among the criteria considered in the final selection were (1)

the use of fine-opening screening in order to screen out, and hence reduce,

10
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the entrainment of younger and smaller fish 1ife stages and adults of
smaller species in the site area, and (2) maintenance of a low intake
velocity (less than 0.5 fps) through the screen as recommended by USEPA
(1976) to prevent retention and impingement of fish and larger inver-
tebrates on the screens.

Wedge-wire (fine-opening) screens, although a relatively new technology
for makeup water intake screenings, were ;onsidered for use on the Seminole
intake because of their potential advanfages in reducing impingement and
entrainment impacts. Most studies of the use of wedge-wire screens for
biological screening of intakes have been fairly recent and have been
largely carried out by the Tennessee Valley Authority (TVA) (Heuer and
Tomljanovich, 1978; Smith and Vigander, 1978; Smith, 1978; Heuer and Toml-
janovich, 1979) and Delmarva Power and Light (Key and Miller, 1978; Hanson,
et al., 1978a, 1978b).

Engineering studies have also been carried out (Cook, 1978). Other
studies are presently ongoing. The studies conducted so far have shown that
wedge-wire screens, when properly designed, installed, and operated, may‘be
of substantial benefit in reducing impingement and entrainment impacts.
Laboratory studies have shown substantial bypass of test screen intakes
(Heuer and Tomljanovich, 1978; Hanson et al., 1978a, 1978b), and previous
in-situ studies have generally shown lowered entrainment. Other intake
types capable of substantially reducing entrainment and impingement impacts
(such as the Ranney well) were not feasible because of site geological
conditions.

The five alternatives evaluated by Seminole were the following:

1. Conventional intake with flush-mounted vertical traveling screens

2. Conventional vertical traveling screen intake with Surry-type
modifications to the screens

12



3. Qffshore perforated pipe or wedge-wire screen intake

4. Shoreline perforated pipe or wedge-wire screen intake

5. Offshore cylindrical wedge-wire bulkhead-mounted screen intake
These are described in Chapter 9 of the EA.
3.4 INTAKE DESIGN

3.4.1 Selected Intake Configuration

A fine-opening wedge-wire intake was selected for the reasons outlined
in EA Chapter 9.0. Screen openings of 1 to 2 mm were considered to be the
smallest opening sizes that could be potentially operated at the site with
any degree of reliability. These screens offer fhe advantage of reducing
interactions between the screens and fish and excluding organisms, thus
decreasing the potential for adverse impacts. Screen units would be readily
removable by using overhead hoists. The screens could then be carried to a
cleaning deck for scrubbing (Figures 3, 4, and 5). Complete individual unit
removal and in-place backwash could be provided by appropriate valving.
This feature is an advantage in waters with fouling biological growth, such
as the St. Johns River. The fine screens, along with an 0.5 fps approach
velocity, would help minimize any potential adverse impacts.

After considering several design configurations, the design finally
selected was the bulkhead (dock) mounted cylindrical wedge-wire screen
intake Tocated offshore with maintenance access to shore (Figure 3). This
was selected as the proposed intake structure (Figures 4 and 5) after
considering its location, ability to use a small screen opening size,
relatively Tlow capital costs, less need for dredging, mechanically simple
design with few anticipated problems, and Tow impact to the vegetated
nearshore zone. A detailed description of the proposed intake location and

design features are contained in the following sections (3.4.2-3.4.4).

13
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3.4.2 Proposed Intake Location

The proposed plant intake structure is to be Tocated approximately
6,561 ft (2,000 m) downstream of Rice Creek in Section 18, Township 9 South,
Range 27 East (29° 42' 46" north latitude and 81° 38' 14" west longitude).
The selected site is labeled as Corridor A in the EA (1979) and has been
chosen over the other can&idate corridors because it is the location most
Tikely to reduce any potential adverse impacts.

A detailed study using a variety of techniques was performed during
spring 1979 to determine the proper distance from shore to locate the
proposed makeup water intake and plant discharge so as to lower the poten-
tial for adverse impacts. Among considerations evaluated were: (1) the
identification of potential spawning or nursery habits; (2) the identifica-
tion of areas of high fish concentration; and (3) identification of areas of
high production. Techniques were utilized (as detailed in Appendix A) to
sample as wide a range as possible of habitats and species present.

Of particular importance was the identification of potential nursery
and spawning habitat. Vegetation beds, particularly those containing

Vallisneria americana (eel grass) are considered to be good fish nursery

habitat and are defined as such by Florida Taw. A vegetation survey con-
ducted in the vicinity of the intake corridor confirmed the presence of such
a vegetation bed from about 16.4 ft (5 m) to approximately 180 to 230 ft
(55 to 70 m) offshore. This vegetation forms a fairly continuous band along
the shoreline both upstream and downstream. Data from extensive fish
studies showed that this area is utilized by a variety of small forage

fish. Particularly abundant were the rainwater killifish (Lucania parva),

mosquitofish (Gambusia affinis), sailfin molly (Poecilia latipinna), tide-

water silverside (Menidia beryllina), and naked goby (Gobiosoma bosci).

17



These species were greatly reduced in abundance beyond the macrophyte bed.
‘Many of the fish species found in this area of the river have demersal or
adhesive eggs, which are usually found attached to vegetation. Many others,
particularly game and pan fishes (sunfishes and basses), nest inshore in
shallow weedy areas. Eggs and larvae of these species also remained in-

shore. Individuals of Lepomis macrochirus have been observed to nest in

the vicinity of the test dock.

Numbers of certain benthic macroinvertebrates tended to be higher
of fshore of the weed bed in areas where the bottom is littered with organic
detritus. These were primarily tubificid worms and midges (chironomids).
Macroinvertebrate drift organisms tended to decrease in abundance with
distance from shore, and none were rare or of exceptional importance. Most
taxa were very widespread with fairly high abundances. Larger macroinver-

tebrates, including the blue crab (Callinectes sapidus) and some shrimp

species, were more commonly observed in the weed bed area.
The offshore area outside the weed bed is apparently utilized by Tlarger
fish and older life stages. Particularly abundant were juveniles and adults

of the Atlantic croaker (Micropogon undulatus) and adult white catfish

(Ictalurus catus). Also abundant at other times were adults and juveniles

of the bay anchovy (Anchoa mitchilli). None of these three species would be

vulnerable to entrainment or impingement by the proposed wedge-wire screen
intake.

It was therefore decided to site the proposed intake 325 ft (99.1 m)
offshore (Figure 3), beyond the vegetation bed. At this lTocation, the
intake will be well beyond the areas utilized by small forage fish and as
nursery areas; it will also be inshore of the areas of higher abundances of
the Targer offshore species. This intake location will therefore reduce the

potential for adverse impacts.

18



3.4.3 Proposed Physical Layout

The proposed intake will consist of a polygonal structure (bulkhead) at
the riverward end of a newly constructed "dock" (Figures 4 and 5) The
sides of the polygonal intake structure will function as a bulkhead for
mounting of the intake screens. There will be nine cylindrical wedge-wire
screens mounted on the sides of the bulkhead. The bulkhead structure will
be located approximately 325 ft (99.1 m) offshore.

Water will be withdrawn through thé screens into a wetwell contained
within the structure and then through a 36 in. (0.91 meter) diameter intake
pipe buried under the dock (Figure 5) to a pump house located upland on the
Seminole property. The intake will be entrenched and will be backfilled
with clean fill.

A concrete dock 6 ft (1.83 m) wide with a walkway will be constructed
in the St. Johns River and will lead to the intake structure (bulkhead)
offshore. It will be supported by concrete pilings (Figure 5). The dock
will allow access to the intake by both maintenance personnel and a mainte-
nance cart (cart turnaround shown on Figure 3j. The dock will enab]e
workers to work on the intake during its operation. A jib crane will be
installed on the dock for Tifting the individual screen cylinders out of the
water for cleaning. Approximately 300 ft2 (27.87 m2) of stone riprap
will be placed along the shoreline at its intersection with the dock to
stabilize the shore in that area.

3.4.4 Proposed Intake Construction

The first steps in the construction of the intake will be the installa-

tion of a circular cofferdam made of sheet piling, which will surround the
site of the polygonal bulkhead at the riverward end of the intake dock.

When the cofferdam is installed, about 650 yds3 (500 m3) of material

19



will be removed from within the enclosed area. The actual intake within the
cofferdam will be constructed of steel or concrete. A trough will be Teft
around the intake structure inside the cofferdam so that water will always
be available for withdrawal by the intake into the system during operation

(Figure 5). All dredge spoil will be disposed of upland in diked areas.

3.4.5 Wedge-Wire Screen System

To protect aquatic life, the structure will be equipped with a system
of nine cylindrical, fine opening, wedge-wire screens (Figure 4). In
addition to the nine screens operating, there will be three spares. This
will allow some additional margin in cleaning operations so that screen
velocities do not have to be significantly increased during cleaning.

Wedge-wire screens have V- or wedge-shaped slots (see Figure 6)
formed by the wires. The size of the slot openings for the proposed intake
will be either 1 or 2 millimeters (mm). The selected slot size will be the
smaller practicable opening size that will not cause excessive fouling. The
screens themselves will be made of stainless steel or a copper-nickel
alloy. |

The open area of the screen, which constitutes up to 51.6 percent
of the screen area, keeps the approach velocity level very low while main-
taining a very high intake capacity. The Seminole Plant Units No. 1 and No.
2 intake screens will be designed to maintain a maximum approach velocity of
less than 0.5 fps through clean screens; to accomplish this, the screens
will be designed to achieve the maximum expected inflow at slot (net)
velocity of Tess than 0.5 fps through clean screens. During normal opera-
tions, approach velocities will be considerably lower.

Because of the low volume of each intake screen and because of the low

approach velocity, only a small area will be influenced by the intake, and
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therefore few organisms will interact with it. The water velocity prior to
entering the slots also decreases with increasing distances from the
screens. Consequently, impingement and entrapment of organisms will be
reduced because many organisms that could potentially become entrapped will
be allowed to escape and survive (EPA, 1976). Entrainment potential will
also be decreased by the same mechanism.

The cylindrical shape of each screen enhances its resistance to screen
plugging because of its minimal resis%ance to the natural flow of the
river. The screen design enables particles or materials that could plug
the screens to flow around, and not against, the screens, thereby minimizing
the accumulation of deposits on the screen face (U.0.P., Inc., 1977).
Plugging of the screens is also minimized by the shape of the slots.
Waterborne particles make only a 2-point contact with the screens at the
outside of the screen face (Figure 6) causing particles smaller than the
slot size to be passed through the system and particles larger than the slot
size to be washed away (U.0.P., Inc., 1977). The majority of plugging
should therefore occur only at the screen surface. ’

At any time when fouling reduces the screen opening area and subse-
quently induces system head losses, the screens.will be cleaned. It is
expected that screen units may be air cleaned ("burped") in-situ by attach-
ing a flexible air line to the unit or‘by use of an embedded air-backwash
pipe situated at the centerline of each screen unit. The line or pipe will
force compressed air through the unit in reverse of normal water flow. The
frequency of mechanical removal of the screen followed by brush cleaning - -
will be reduced by performing this procedure. The wedge-shaped configura-
tion will enable a more effective backwash cleaning of the screens' surface

by acting as a nozzle to increase the effect of the backwash.

22



Trash bars to prevent the accumulation of Tlarge debris against the
screens (Figure 5) may be installed as part of the proposed intake structure

to ease screen maintenance.

23



4.0 INTAKE TESTING PROGRAM

A program to test the actual extent of potential adverse intake-related
impacts was developed. This program was also designed to evaluate the
potential of the selected screen slot sizes to mitigate adverse impacts, as
well as the long-term performance (i.e., reliability) of the different slot
sizes under existing site conditions.

4.1 LOCATION

An in-situ intake screen testing facility was designed to accurately
simulate the proposed intake both physically and functionally. The testing
facility was constructed on an existing dock about 490 ft (150 m) from the
proposed intake (Figure 7).

4.2 APPARATUS

As the first step in test facility construction, test assemblies weré
installed on the end of the dock with a bulkhead (Figure 7). Two duplicate
test assemblies containing cylindrical wedge-wire screens were mounted off
the end of the dock in the St. Johns River.

For each assembly, water from the river was Withdrawn through the
cylindrical wedge-wire screens and then transported through a 3 in. (0.08 m)
diameter PVC pipe and 3 in. Ever-Tite quick coupling (Figure 8) into a 3 in.
semi-open impeller trash pump (Hydromatic Pump-model 30 MPD). The water was
discharged through a 3 in. diameter PVC pipe. A gate valve to control flow
and a flow meter to monitor pump discharge (Figure 9) were mounted in the
discharge pipe. The water outflow was discharged through a 6 in. (0.15 m)
diameter PVC expander pipe into a 35 in. (0.89 m) diameter collection tank;
In the collection tank, a 363-micron (u) mesh plankton net was suspended in
the water, and two overflow outlets were provided to enable all of the water

(and thus organisms) from the pump to be filtered through the net. The 1
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in. (0.03 m) and 6 in. (0.15 m) diameter overflow pipes that discharged
water from the intake structure extended 30 ft (9.14 m) from the collection
tank toward the shoreline.

4.2.1 Dock/Bulkhead

The existing dock that was utilized for testing was constructed of
untreated wood and extended approximately 250 ft (76.2 m) into the St.
Johns River (Figure 7) at about the sarme depth contour as the proposed
intake (Figure 10). It was used to proviae access to the test apparatus, as
will the proposed intake's walkway/cartway.

Plywood bulkhead panels were attached to the dock to simulate the
bulkhead mounting of the screens on the proposed intake structure. The
bulkhead not only helped to increase the similarity between the test appa-
ratus and the proposed intake; it also prevented both circulation of
previously filtered water into the screens and the possible biasing of test
results by fish concentrating under the dock.

4.2.2 1 and 2 mm Wedge-Wire Screens

Two 12 in. (0.30 m) diameter Johnson cylindrical wedge-wire screens
(Figure 8) were mounted on PVC pipe that extended over the dock and into
the river. The screens were held about 18 in. (0.46 m) above the river
bottom. These screens are prototypes of the larger versions proposed for
the plant intake.

The average through-slot velocity of the 1 mm slot screen was designed
to be 0.411 fps (0.13 mps) at a total design flow of 225 gpm (0.85 m3/
min). The 2 mm slot screen had an average through-slot velocity of 0.395 fps
(0.12 mps) and the same total design flow. The maximum-through slot veloc-
ity for both screens was approximately 0.55 (0.17 mps) fps on about 15

percent of the screen surface. The screens were scaled so that, for both
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slot sizes tested, the intake velocity and volume were approximately the
same. This scaling allowed the test screens to be exchanged between the
two pumping positions. The exchange provided statistical control for any
bias due to screen/ pump position in relationship to the river, river flow,
dock, or time of day. (See following section on Methodology.) Determina-
tion of the actual positions of the test screens was made by the use of a
random number table and in accordance with a modified balanced block design
(see Methodology section).

4.2.3 9.5 mm Wedge-Wire Screen

A wedge-wire test screen of 9.5 mm (3/8 in.) was also used in addition
to the 1 and 2 mm screens to compare the capture efficiency of an essen-
tially unscreened intake with the results of the 1 and Z mm screens, as well
as with ichthyoplankton net tows simultaneously conducted in the river.
Originally, it was believed necessary to conduct this controlled test with
a 9.5 mm screen instead of an open pipe in order to protect the pump from
damage by the intake of large objects. The 9.5 mm sCreen was not moynted
for testing of that size screen and was not engineered for the same intake
velocity (it had a much smaller intake velocity). It was originally be-
lieved, therefore, that the 9.5 mm screen would have had little exclusion
effect on the intake of entrainable organisms.

The 9.5 mm screened intake results and net tow results were designed to
provide statistical covariates ﬁor the results of the 1 mm and 2 mm entrain-
ment sampling, to assess the differences in efficiency of mitigation between
the two wedge-wire screens.

4.2.4 Test Screen Removal

As shown on Figure 7, the 1 mm and 2 mm test screens were mounted in

one of two pump positions on the dock when in operation. The 1 mm and 2 mm
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screens obviously could not have operated in the same position at the same
time. During the period of time that the 1 mm and 2 mm screens were in
operation, the 9.5 mm screen was placed out of the way on the dock.
When the 1 mm and 2 mm screens were not in operation, the 9.5 mm screen
assembly was plugged onto one of the two pump positions.

The process of detaching the screens from the pumps entailed unsnap-
ping the Ever-Tite quick coupling connections, which enabled the screen and
3 in. (0.08 m) PVC pipe up to the connector to come off in one piece for
movement to another position or removal.

4.2.5 Test Pumps

At each of the two screen positions (Figure 7), one of two identical
motor driven hydromatic pumps (trash pumps) was mounted (Figure 8). The 3
in. diameter line and semi-open impeller of the hydromatic pump pass objects
up to 3 inches across with 1ittle or no damage, and were chosen for this
reason.

Around the pump and pipes, shock absorbent equipment was installed
to reduce vibration so as not to deter entrainable species from 1nteracting
with the screens. The minimal vibration also simulated the low noise level
of the proposed plant intake.

Both pumps were operated from a single control panel (Figure 7)
consisting of two flow meter readouts and two on and off switches, one
for each pump.

Prior to the start of the biofouling testing program, a 3 in. (0.08 m)
diameter flow cutoff switch (Figure 9) was jnstalled for the purpose of
shutting off the pumps if the flow should fall below 170 gpm or 0.64 m3/min

(a 25 percent loss of flow) due to screen plugging.
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4.2.6 Collection Tank Assembly

The 40 in. high fiberglass collection tanks (Figure 9) were mounted on
top of the dock near the pumps (Figure 7). At the bottom of the tanks, a 1
in. (0.08 m) diameter bottom drain with a 1 in. diameter gate valve was
installed in order to let the water drain from the tanks. The water level
in the tanks was maintained at approximately 4-8 in. (0.10-0.20 m) below
the rim at a flow of 225 gpm (0.85 m3/min).

A sensor Tor an analog flow meter was installed (Figure 9) away from
the bends of the discharge pipe to provide accurate flow measurement in
the 0-500 gpm (0-1.70 m3/min) range.

The expander pipe passing water into the collection tank had a diameter
of 6 in. (0.15 m) to reduce the water velocity prior to discharging into the
net, thereby reducing potential net clogging, splashing, overflow of the
water, and damage to organisms entering the net.

The collection net installed in the tank was immersed in water to
minimize the damage to organisms entering the net, prevent clogging,
and thereby ease the process of measurement and identification.

The two overflow pipes attached to the collection tank (Figure 9)
had a diameter of 1 (0.08 m) and 6 in. (0.15 m). These pipes allowed net
filtration of all water. They also discharged water at a distance of
approximately 30 ft (9.14 m) from the collection tank; this design prevented
recirculation of water back through the screens and kept water from spilling
over the tank onto the dock.

4.3 METHODOLOGY

As previously discussed, the purpose of the testing program was
to evaluate and compare the potential operation of the two selected intake
screens (slot sizes of 1 and 2 mm). To accomplish this purpose, a sampling

and intake testing program was designed to provide the following:
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5. During each test block, dissolved oxygen, temperature, conductiv-
ity, salinity, and water velocity near the test platform were
measured and recorded.

6. At the conclusion of each screen test and prior to pump shutdown, a
363 micron mesh net was fitted over each screen to prevent the loss
of any macroinvertebrates or fish eggs, larvae, juveniles, or
adults impinged on the screens. These samples were washed into
separate sample jars and preserved with formalin. The screens were
washed in such a manner that impinged organisms were directed into
the collection net.

7. For all test and tow collections, ichthyoplankton samples were
sorted, fish eggs counted, and fish larvae and juveniles identified
to the lowest practicable taxon. Major macroinvertebrates in the
entrainment collections were counted and identified by taxa and
life stage.

4.3.3 Phase III

The operational feasibility/biofouling testing was conducted from June
to September 1979, initially on a bi-weekly and then on a monthly basis
(actually once every 3-weeks). Discussions with an expert in the area (H.L.
Moody, personal communication) and previous tests (Hanson, et al., 1978b)
indicated that June to September was the period of maximum biofouling. A
program of day/night entrainment monitoring and ichthyoplankton samp]ing'by
towing program was conducted concurrently. A true "open pipe" intake test
was conducted during each feasibility/biofouling test period. The open pipe
test consisted of removing the 9.5 mm. screen from the intake pipe, drawing
water through the pipe, and collecting entrained organisms using the same
procedures used during the 1 and 2 mm screen tests. Operating parameters
including flow, shutdowns, andfphysica] data were monitored twice daily
throughout this period. Organisms and detritus found on the screens during
this period were collected by scraping and hand removal and preserved.
These were later identified and analyzed. Other biofouling organisms found

associated with the apparatus were also collected and analyzed.
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.0 RESULTS

Major emphasis in this section is placed upon the various fish taxa
and life stages, because fish have longer life cycles, lower fecundities,
cannot disperse and recolonize as readily, and are therefore more vulnerable
to impacts than macroinvertebrates. In addition, the fish species are
generally of greater recreational and commercial importance.

5.1 IMPINGEMENT

As discussed in Subsection 2.2 of the introduction, operational impacts
of an intake generally fall into two categories: impingement and entrain-
ment.

At most cooling water intakes, impingement is the impact of greatest
concern since it affects older, larger fish. It is of particular impor-
tance to fish populations, since it is the impact that affects reproductive-
age fish.,

Impingement was studied as described in the Methodology section, using
a specially designed net to capture any organisms impinged upon the test
screens. A total of more than 104 impingement collections was made during
the course of these studies. Collections represented between 30 and 90
minutes' sampling time each. The most intensive studies of impingement
occurred during Phase I1.

During all test periods, impingeable organisms (larger than either the
1 or 2 mm slot opening) were present in the water near the test screens, as

evidenced by 9.5 mm (or open pipe) entrainments. Visual observations were

also made of the screens while in operation

upon either the 1 or 2 mm screens
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Some invertebrates were caught within the impingement net, but observa-
tions indicated that these organisms were not impinged, but were swimming
and feeding in the vicinity of the screens when captured. FEven captures of
these organisms were infrequent. Some amphipods, largely Gammarus sp., were
captured. These, however, were observed clinging to support wires and the
screen end, as well as swimming near the screen surface. Many of these
invertebrates were small enough to be otherwise entrained, so it is doubtful
that there was any actual impingement observed.

5.2 ENTRAINMENT

The test screen intake was operated during Phases II and III of the
test program. During those periods, entrainment was monitored as explained
in the methodology section. The objective of the entrainment monitoring

study was to collect data on the number and taxa of fish larvae, fish eggs,

“and macroinvertebrates entrained by the test screens and to compare them

with numbers and taxa vulnerable to entrainment.

Entrainment collections were made from March through September 1979. A
total of 134 entrainment collections was examined, including all screen
sizes, time periods, and dates. Table 1 contains a 1list of fish taxa and
Tife stages collected during the course of this study by collection method.
Fish larvae and eggs were present in collections from the 1 mm test screen.
Fish larvae, eggs, and two juveniles were present in collections entrained
through the 2 mm test screen. 3Adu1t fish, juveniles, larvae, and eggs were
collected through the open pipe intake (including the 9.5 mm screen).

Also listed on Table 1 are taxa and life stages of fish collected by
tows. Adults, juveniles, larvae, and eggs were collected in tows. Actual
densities of fish entrained during Phase II, expressed as numbers per 100
cubic meters (353 cubic feet), are presented in Appendix B, as are fish

collected in net tows during the Phase II studies. Fish collected during
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the Phase III monitoring study (both entrained and by net) are presented in
Appendix C.

Data from the Phase II study are presented as contingency tables for
each species and life stage by time block and day. Data are presented in
this manner to be more amenable to analysis. The Phase III data are
presented by date for all taxa and 1ife stages. In terms of taxa collected,
the 1 mm screen collected the lowest number of taxa (10). The 2 mm screen
collected 14 taxa, and the open pipe (including 9.5 mm) 15 taxa.

To calculate entrainment of fish eggs and larvae, densities of ichthyo-
plankton for unsampled days were estimated using linear interpolation
between temporally adjacent samples. Where day and night samples were
taken, densities from actual day samples were used to estimate densities of
ichthyoplankton during the day, and actual night samples were used to
estimate densities at night. Since samples were only taken at night during
the Phase II studies, it was assumed that densities for night and day
were the same. This was a conservative assumption, since densities of
ichthyoplankton collected during the day were consistently lower than those
collected at night during Phase III. In addition, since the Phase II
studies in late March through early April were performed during a period of
high ichthyoplankton abundance, and then these figures used for estimating
ichthyoplankton abundance between April and June 9, the abundance for the

latter period was probably overestimated.

This process of estimation was performed for each time interval between
samplings for each intake type: 1 mm slot-size screened intake, 2 mm
slot-size screened intake, and unscreened (open pipe and 9.5 mm) intake,
respectively. Although five sets (blocks) of samples were taken with

the 9.5 mm screen during each day of Phase II, only the first four were
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used, since the fifth was taken in daylight and there were sharp differences
in numbers from the other blocks.

Once densities were estimated for the intervening periods, two sets of
entrainment estimates were calculated. The first, as a worst-case condi-
tion, was based upon the maximum makeup water flow for both proposed units,
107,653 m3/d (3.80 x 106 ft3/d). The second estimate was based upon
the mean makeup water flow for both proposed units, (59,851 m3/d (2.11 x

106 ft3/d) which probably represents a much more realistic case.

That is,
Yet = det Qt
Yet = total entrainment for a given taxon in period t
det = density of eggs or larvae of a given taxon during period t
Qt = total makeup water withdrawn (either maximum or mean)

during period t

and total entrainment for the period investigated is
11

Yo = Vet
Yt = total entrainment for a given taxon
The total estimated entrainment for each taxon is presented in Table
2. Estimated entrainments are presented separately for each screening
device for both mean and maximum flows. It is clear that four taxa dominate
the entrainment collections for both the 1 and 2 mm screens. These taxa are

the family Atherinidae, and the species Menidia beryllina, Gobiosoma bosci,

and Microgobius gulosus. Most of the remaining organisms were unidenti-

fiable. Five major taxa that made up most- of the estimated entrainment

through the unscreened intake. These taxa were: Anchoa mitchilli, M.

beryllina, Lepomis sp., G. bosci, and M. gulosus. As before, most of the

remaining estimated entrainment was due to unidentifiable Tlarvae.
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Examination of total numbers of larvae estimated to be entrained showed that
the 1 mm and 2 mm screens offered reductions of 66 and 62 percent of the
unscreened (open pipe) intake entrainments, respectively.

Larvae of some species were found throughout the periods studied.
Most, however, were particularly abundant in collections for no more
than 6 weeks.

Lengths of fish captured were also examined. There were few differ-
ences between the 1 mm and 2 mm screens in sizes of fish caught. Those fish
entrained through the unscreened (open pipe) intake were generally of the
same size ranges but quite frequently were Tlarger than those entrained
through the 1 and 2 mm screens. Fish captured in net tows usually had
ranges of lengths far exceeding those in the entrainment samples (up to

350 mm on occasion).

Macroinvertebrates were relatively abundant in entrainment collections
for all three intake types. There were relatively few differences between
the three in taxa collected (Table 3). Densities of major macroinvertebrate
taxa entrained during Phase II, in numbers per 100 cubic meters (353 ft3),
are summarized on contingency tables in Appendix B. Amphipods (partich
larly Gammarus sp.) and dipterans dominated the Phase II collections.

During Phase 111 studies (Appendix C), dipterans (particularly chirono-
mids) and mysids (Mysidopsis) were the dominant entrained macroinverte-
brates. There were considerable changes in the abundance of insect taxa
during the course of the study. This was to be expected, since these
aquatic life stages are almost always immature stagdes of adult forms that
leave the water and are usually no longer vulnerable to entrainment. These
macroinvertebrates were extremely abundant, as indicated by their capture in

the various entrainment collections.
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TABLE 3

TAXA OF MACROINVERTEBRATES
COLLECTED BY ENTRAINMENT
SEMINOLE PLANT UNITS NO. 1 AND NO. 2
SEMINOLE ELECTRIC COOPERATIVE, INC.

Open Pipe
1 mm 2 mm 9.5 mm (3/8")
Taxa Entrainment  Entrainment  Entrainment
Insecta
Ephemeroptera
Caenidae X
Caenis sp. X X X
Trichoptera X
Psychomyiidae X X X
Leptoceridae X
Hydroptilidae X
Limnophilidae X X
Diptera
Chironomidae X X X
Chironominae X X
Chironomini X X X
Tanypodinae X X X
Coelotanypus sp. X X
Procladius sp. X X
AbTabesmyia sp. X
OrthocTadiinae X X
Ceratopogonidae X X X
Culicidae
Chaoborus sp. X X X
Hemiptera X X X
Coleoptera
Corixidae X X X
Unidentified sp. X X X
Odonata
Anisoptera
Gomphidae ‘ X
Zygoptera
Coenagrionidae X
Enallagma sp. X X X
Arachnoidea
Hydracarina X X X
Annelida
O0ligochaeta
Naididae X
Nematoda X
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TABLE 3 (Continued)

2 mm
Entrainment

Open Pipe
9.5 mm (3/8")
Entrainment

1 mm
Taxa Entrainment
Crustacea
Amphipoda X
Gammaridae
Gammarus sp. X
Oediceratidae
Monoculodes edwardsi X
Talitridae
Hyalella sp. X
Corophiidae
Corophium sp. X
Isopoda X
Bopyridae
Probopyrus sp. X
Anthuridae
Cyathura polita X
Idoteidae
Chiridotea coeca X
Sphaeromatidae
Cassidinidea Tunifrons X
Sphaeroma destructor X
Mysidacea
Mysidae
Mysidopsis bigelowi X
Decapoda
Portunidae
Callinectes sp.
Ostracoda
Podocopa X
Mollusca
Gastropoda

> ><

>< <
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Estimated entrained numbers of wholly aquatic macroinvertebrates of
major taxonomic groups were calculated in the same way as previously
done for entrained fish. These estimates are presented in Table 4. Only
wholly aquatic taxa were used, since other groups are only vulnerable for
limited periods of their 1ife cycles.

In general, there is not a great deal of difference between the
estimates for the three intake types. An exception to this is the estimated
entrainment of mysids. Estimated numbers of mysids entrained through the
unscreened intake are considerably higher (approximately 9 times greater)
than those entrained through either the 1 or 2 mm screens.

5.3 TOWS

As discussed in the methodology section, net tows were used to provide
additional information on fish 1ife stages present in the St. Johns River
during entrainment studies. Net tow studies were performed during both
Phase Il and Phase III studies.

Densities of the various life stages of fish collected in net tows
during Phase II studies are listed in summary contingency tables in Appendix
B. Tows taken during the Phase Il study were taken at approximately 99.1 m
(325 ft) from shore, 22.9 m (75 ft) offshore of the test intake. That
distance was chosen to be representative of the actual proposed plant intake
(also 99.1 m [325 ft] from shore) and to avoid any possibility of interfer-
ence with the Phase II screen tests. Examination of these tows indicated
that densities of fish life stages (Appendix B) and taxa present differed
from those collected at the test intake. Some of these same differences in
taxa and numbers were also found during the intake location study (Appendix
A) and constituted some of the main reasons why the proposed intake was

Tocated at 99.1 m (325 ft) from shore. The fish collected in the net tows
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were generally larger, older life stages less vulnerable to entrainment than
those found further in-shore. For these reasons, comparisons between net
tows and entrained collections made during Phase II of the study were not
carried further, and entrainment collections made at the test intake may be
considered to be conservative.

During Phase III studies, tows were conducted as close to the test
intake as feasible. Tows during Phase IIl were taken approximately 83.8 m
(275 ft) from shore. During this phase, tows were conducted during both day
and night. Densities of fish collected by net tows are reported in Appendix
C (Tables C-1 through C-5).

Comparative examination of unscreened (open pipe) intake and larval tow
data during Phase III showed that during the day fish apparently avoided the
larval net. This was also observed visually - "schools" of larvae in the
water appeared to avoid the net. This phenomenon of net avoidance has been
observed previously and has been reported in the literature (Ahlstrom, 1954;
Bowles and Merrimer, 1978). During the night, on the other hand, the net
tows and unscreened intake collected very similar densities of fish (Apben-
dix C, Tables C-1 through C-5).

5.4 SCREEN COMPARISONS

One of the principal reasons for conducting these studies was to
determine whether there was any difference in the efficiency of impact
mitigation by the 1 mm and 2 mm slot-size screens. This was the principal

reason for the performance of the Phase II studies. The experimental design

of that test was set up to allow both numerical and statistical comparisons - -

between the entrainment collections made through the two slot sizes. The
last was designed so that both the analysis of variance (ANOVA) and analysis

of covariance (COVAR) procedures could be used. The COVAR procedure
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allowed an increase in the power of the test if marked numerical differences
could not otherwise be differentiated statistically.

The test design utilized a number of variables (or effects). These
were days (day of sampling), blocks (time of day), screens (1 mm or 2 mm
test screens), and position within block (position of screen on test dock
during each block). The position within block was assigned by use of a
random number table (see 4.3, Methodology). The statistical procedures used

(Ostle and Mensing, 1975; Kempthorne, 1973) assumed the following model:

Yijkm = Di + Bk + (TB)jk *+ Pm + Eijkm

Yijkm = number of fish entrained on day i at position; within
block k through screen m, corrected for volume

D5 = number of fish entrained due to the effect of day i

By = number of fish entrained due to the effect of block k

Pm = number of fish entrained due to the effect of screen m

(TB)jk= number of fish entrained due to the random effect of position
of screen on lock during block

Ejjkm = effect _of random error, independent normal distribution

(0,6°)

Analysis of the Phase II data, as summarized in the contingency tables
in Appendix B, was conducted by use of a statistical analysis program.
Each taxon was tested for each life stage present. Results of each ANOVA
were also subjected to Cochran's test (Winer, 1962) to determine if the
homogeneity of variance met the assumptions of the ANOVA model. Where
assumptions were violated for actual densities, data were transformed
using the logig (density + 1) or square root transformations and then-

analyzed. If the transformed data then met the assumptions of the ANOVA

model, these results were used.
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Examination of the results of the ANOVA (Table 5) showed that there
were no statistically significant differences (p>>0.05) between the 1
mm and 2 mm screens in terms of densities of fish entrained. This was
true for all taxa and life stages. An examination of all larvae for all
taxa of fish entrained during the Phase II study showed that even numerical
differences were small, with the 2 mm screen entraining 7.7 fewer larvae
(for all taxa) per 100 m3 of water. This was a difference of less than 8
percent of the densities entrained by the 1 mm screen. Due to the lack of
any clear numerical differences in the densities entrained by the two
screens, it was decided that use of the COVAR procedure was unnecessary.

Although there were no statistically significant differences between
entrainments through the two screens, there were significant differences
(p<0.05) found between days of study and between time blocks (p<0.10).
Such variations are typical of fish activity and of weather conditions and
other natural variations. One particular meteorological (and/or river)
variable had a strong effect on the densities of larvae entrained. Wind
speed and river surface (waves) correlated at a statistically significént
(p£0.02) level with larvae entrained. It is probable that the turbulence in
the near-shore zone "stirred up" larvae present near shore and increased the
density of Tarvae in the vicinity of the test screens, thus increasing the
numbers of larvae vulnerable to entrainment. Increases in densities of
larvae in the water column were also found in tows, but differences and
densities were much Tless than those collected by entrainment. This indi-
cated that the siting of the intake at 99.1 m (325 ft) from shore would
decrease the probability and extent of increases in entrainment due to

increased near-shore turbulence.
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Examinations of entrainment collections made during the Phase III
studies (Appendix C) showed that densities of collections taken through both
the 1 mm and 2 mm screens were similar, particularly during the first half
of that study, although 1 mm entrainments tended to be lower. During the
latter part of that study, densities entrained through the 1 mm screen
were greater than those entrained through‘the 2 mm screen. This may have
been in part due to fouling and partial plugging of the 1 mm screen in
August 1979, leading to higher slot velocities (discussed under biofouling
below) and subsequent increased entrainment.

5.5 MITIGATION
The Phase III study was specifically designed to address both mitiga-

tion of entrainment and biofouling. Since essentially no impingement of
fish had occurred and the apparent impingement of macroinvertebrates (as
discussed 1in Subsection 5.1, Impingement) was probably representative of
their presence near the screen rather than their impingement on it, it was
concluded that impingement was almost completely mitigated.

Table 6 consists of listings of entrainment collections for the
1 mm screen and for the 2 mm screen, presented as percentages of entrainment
through the open pipe. Since net tows taken at night did not exhibit net
avoidance by fish, fish densities in 1 mm and 2 mm screen night entrainment
collections were compared to those found in night net collections. These
comparisons were also expressed’ as percentages. Comparisons were made both
for each taxon and life stage found and for total numbers of organisms.
Blanks indicate taxa or life stages that were absent; zeros indicate taxa
present in the denominator collection (from the open pipe). For the 20
comparisons of total number of organisms between the 1 mm screen and

unscreened intake (open pipe) and the 2 mm screen and unscreened intake,
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(Expressed as % of Unscreened Entrainment)

TABLE 6

ENTRAINMENT BY 1 AND 2 MM SCREENS

SEMINOLE ELECTRIC COOPERATIVE, INC.

DAY - JUNE 7, 1979
Life
Species Stagea 1 mm/Open 2 _mm/ Open
Clupeidae 1,
J
Alosa sp. J
Alosa aestivalis L
J
Dorosoma petenense J
Engraulidae L
Anchoa mitchilli 1
J
A
Strongylura marina L
A
Fundulus diaphanus L
Lucania parva L
Atherinidae L
Membras martinica L
Menidia beryllina E
1, 38.28 12.79
J
Menidia menidia L
Lepomis sp. L 0 0]
Lepomis macrochirus A
Micropterus salmoides J
Gobiidae L 3.96 0
Gobiosoma bosci L
J
A



TABLE 6 (Continued)

Life a
Species Stage 1 mm/Open 2 mm/Open

Microgobius gulosus L
J
A
Trinectes maculatus A

Unidentified L 10.55 5.27

8.37 2.99

Ratio of Totals

= Eggs
Larvae
Juvenile

Adult

> Qo Mm
il

It
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TABLE 6 (Continued)

ENTRAINMENT BY 1 AND 2 MM SCREENS
(Expressed as % of Unscreened Entrainment)
SEMINOLE ELECTRIC COOPERATIVE, INC.
NIGHT - JUNE 7, 1979

Life
Species Stagea 1 mm/Open 1 mm/Tows 2 mm/Open 2 mm/Tows
Clupeidae L
J
Alosa sp. J
Alosa aestivalis L
J 0 0
Dorosoma petenense J
B Engraulidae 4 L
; Anchoa mitchilli L
J
A
Strongylura marina L
A
Fundulus diaphanus L
=
s Lucania parva L - -
o Atherinidae L
A Membras martinica L
Menidia beryllina E 0 0
L 0 0
J 0 0
Menidia menidia L
- Lepomis sp. L
‘ Lepomis macrochirus A
Micropterus salmoides J
Gobiidae L 3.44 3.42 0 0
Gobiosoma bosci L 0 0
J 0 0
A
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TABLE 6 (Continued)

Life
Species Stagea 1 mm/Open 1 mm/Tows 2 mm/Open 2 mm/Tows
Microgobius gulosus L 0 0
J
A
Trinectes maculatus A
Unidentified L 27.57 2954 .21 23.72 2541.58
Ratio of Totals 12.08 16.54 8.28 ‘ 11.33

aE = Eggs

L = Larvae

J = Juvenile
A = Adult

58



TABLE © (Continued)

ENTRAINMENT BY 1 AND 2 MM SCREENS
(Expressed as % of Unscreened Entrainment)
SEMINOLE ELECTRIC COOPERATIVE, INC.

DAY - JULY 13, 1979

‘ Life
Species stage® 1_mm/Open 2 _mm/Open
Clupeidae L
J
Alosa sp. J
Alosa aestivalis L
J
Dorosoma petenense J
. Engraulidae L
N
2 Anchoa mitchilli L
J
A
Strongylura marina L
A
Fundulus diaphanus L
i Lucania parva L
) Atherinidae L
{1
b Membras martinica L
Menidia beryllina E
L
J
i
! Menidia menidia L
_
i Leponis sp. L’ 0 0
L Lepomis macrochirus A
Micropterus salmoides J
Gobiidae L 67.66 22.55
; Gobiosoma bosci L
o J
A
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TABLE © (Continued)

Life a
Species Stage 1 mm/Open 2 mm/Open

Microgokius gulosus L
J
A
Trinectes maculatus A

Unidentified L 85.38 52.18

77.28 41.86

Ratio of Totals

Eggs
Larvae
Juvenile
Adult

= i o ]
I

I
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TABLE © {(Continued)

ENTRAINMENT BY 1 AND 2 MM SCREENS
(Expressed as % of Unscreened Entrainment)
SEMINOLE ELECTRIC COOPERATIVE, INC.

DAY - JUNE 23, 1979

Life
Species Stage® 1 mm/Open 2 mm/:Open
Clupeidae L 0 0
J
Alosa sp. J
Alosa aestivalis L
J
Dorosoma petenense J
Engraulidae L
Anchoa mitchilli L
J
A
Strongylura marina L
A
Fundulus diaphanus L
| Lucania parva L
N Atherinidae L
o Membras martinica L
Menidia beryllina E
L
J
%‘ Menidia menidia L
Lepomis sp. L
L Lepomis macrochirus A
Micropterus salmoides J 0 0
Gobiidae L 0 0
; Gobiosoma bosci L
- J
. A
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TABLE 6 (Continued)

- Life
Species stage® 1 mm/Open 2 mm/ Open

Microgobius gulosus L 0 0
J
A
Trinectes maculatus A
Unidentified L

Ratio of Totals 0 0

aE = Eggs

L = Larvae
J = Juvenile
A = Adult
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TABLE © (Continued)

ENTRAINMENT BY 1 AND 2 MM SCREENS
(Expressed as % of Unscreened Entrainment)
SEMINOLE ELECTRIC COOPERATIVE, INC.
NIGHT - JUNE 23, 1979

Life
Species Stagea 1 mm/Open 1 mm/Tows 2 mm/Open 2 mm/Tows

Clupeidae L o] 0
J

Alosa sp. J 0 0
Alosa aestivalis L
J
Dorosoma petenense J
Engraulidae : L

Anchoa mitchilli L 0 0

J 0 0
A
Strongylura marina L
A
Fundulus diaphanus L
i Lucania parva L

- Atherinidae L - - - -
i Membras martinica L
Menidia beryllina E

L - -

J 0 0]
Menidia menidia L
Lepomis sp. L
bt Lepomis macrochirus A
Micropterus salmoides J

Gobiidae L 25.50 13.38 63.19 33.16
Gobiosoma bosci L 0 0 5.53 0.92

- J
A
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TABLE © (Continued)

Life
Species Stagea 1 mm/Open 1 mm/Tows 2 mm/Open 2 mm/Tows
Microgobius gulosus L 0 0 5.34 27.69
J 0 0
A 0 0
Trinectes maculatus A
Unidentified L 93.84 - 70.08 -
Ratio of Totals 28.55 21.00 : 36.59 26.91

E = Eggs
) L = Larvae
H J = Juvenile
2 A =

Adult

o?

Nl
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TABLE 6 (Continued)

ENTRAINMENT BY 1 AND 2 MM SCREENS
(Expressed as % of Unscreened Entrainment)
SEMINOLE ELECTRIC COOPERATIVE, INC.

NIGHT - JULY 12, 1979

Life
Species Stagea 1 mm/Open 1 mm/Tows 2 mm/Open 2 mm/Tows
Clupeidae L 0 0
J
Alosa sp. J
Alosa aestivalis L
J
Dorosoma petenense J
Engraulidae : L - - - -
Anchoa mitchilli L 0 0 0 0
J
A
Strongylura marina L
A
Fundulus diaphanus L 0 - 201.19
]
N Lucania parva L
4 Atherinidae L - - - -
we Membras martinica L
Menidia bexryllina E
L 0 0 0 0
J
%j Menidia menidia L
, Lepomis sp. L 65.01 57.42 130.01 114.83
o
o Lepomis macrochirus A
Micropterus salmoides J
Gobiidae L 67.29 49.12 113.76 83.05
- Gobiosoma bosci L 16.26 1.05 195.06 12.56
J
A 0 0
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TABLE 6 (Continued)

Life
Species Stagea 1 mm/Open 1 mm/Tows 2 mm/Open 2 mm/Tows
Microgobius gulosus L 8.48 18.27
J
A 0 0
Trinectes maculatus A
Unidentified L 72.32 - 107.26 -
Ratio of Totals 51.51 28.95 92.00 51.71

RN Mm

Wou

]

Eggs
Larvae
Juvenile

Adult
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TABLE 6 (Continued)

ENTRAINMENT BY 1 AND 2 MM SCREENS
(Expressed as % of Unscreened Entrainment)
SEMINOLE ELECTRIC COOPERATIVE, INC.
DAY - AUGUST 9, 1979

Life
Species Stagea 1 mm/Open 2 mm/Open
Clupeidae L
J
Alosa sp. J
Alosa aestivalis L
J
Dorosoma petenense J
Engraulidae L
; Anchoa mitchilli 1
) J
A
Strongylura marina L
A
3 Fundulus diaphanus L
! Lucania parva L
Atherinidae L
L Membras martinica L - -
U
Menidia beryllina E
L —_ —
J
Menidia menidia L
() ]
Lepomis sp. L - 0 0
{ , . .
« Leponis macrochirus A
L
Micropterus salmoides J
Gobiidae 1 2.75 1.57
: Gobiosoma bosci L 0 0
3 5
A
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TABLE 6 (Continued)

1 mm/Tows

2 nmm/Open 2 mn/Tows

Life A
) Species Stage 1 mm/Open

Microgobius gulosus L 14.28

J

A

Trinectes maculatus A
Unidentified L 117.85
Ratio of Totals 101.49

R e o]

Il

It

il

Eggs
Larvae
Juvenile

Adult

1.99
0

13.09

0 0

0]

0

114.28 -
97.02 12.51

S

-
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TABLE 6 (Continued)

ENTRAINMENT BY 1 AND 2 MM SCREENS
(Expressed as % of Unscreened Entrainment)
SEMINOLE ELECTRIC COOPERATIVE, INC.
NIGHT - AUGUST 31, 1979

Life
Species Stagea 1 mm/Open 1 mm/Tows 2 mm/Open 2 mm/Tows
Clupeidae L
J 0 0
Alosa sp. J
Alosa aestivalis L
J
Dorosoma petenense J
W Engraulidae : L
Anchoa mitchilli L 0 0
! J
A 0 0
Strongylura marina L
A 0 0
) Fundulus diaphanus L
v © Lucania parva L
3 Atherinidae L - - - -
%%i Membras martinica L 14.96
Menidia beryllina E
L 0 0
J
mj Menidia menidia L
| Lepomis sp. L 0 0 0 0
i
Lepomis macrochirus A
Micropterus salmoides J
Gobiidae L 87.78 226.54 53.33 137.64
N Gobiosoma bosci L 23.13 12.24 7.48 3.96
J 0 0
A
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TABLE © (Continued)

Life
Species Stagea 1 mm/Open 1 mm/Tows 2 mm/Open 2 mm/Tows
Microgobius gulosus L 4.17 13.55 0 0
J
A
Trinectes maculatus A
Unidentified L - 3766.78 - 3065.94
Ratio of Totals 62.74 49.78 38.40 30.47

a
E = Eggs

I, = Larvae

J = Juvenile
A = Adult
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TABLE 6 (Continued)

Species

Microgobius gulosus

Trinectes maculatus

Unidentified

Ratio of Totals

E = Eggs

L = Larvae
J = Juvenile
A = Adult

Life

a
Stage

1 mm/Open

46.58

68.54

2 mm/Open

32.25

48.95
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the screened intakes had percentage entrainments varying between 0 and 101
percent, that is between 0 times and 1.01 times as many fish as collected
through the open pipe. Out of the 20 comparisons: 16 (or 80 percent) showed
that screened intakes took at least 30 percent less fish than the unscreened

intake, and 13 (or 65 percent) showed that screened intakes took at least 50

percent less fish.

Number of times Number of Times Number of Times
Screens <50% open pipe <70% >80%
13 16 4

Until the latter part of the Phase III study, percentage entrainment by
the 1 mm or 2 mm screens during the day was extremely low. It is probable
that increased fouling contributed to higher entrainments observed at that
time. Fouling growths were particularly abundant on the screens during the
August 9, 1979 sampling. Therefore, percentage entrainments from June
through July were examined as being more indicative of unfouled screens.

These broke down as follows, for 12 comparisons made:

Number of times Number of Times Number of Times
Screens <50% open pipe <70% >80%
9 10 2

That is, 9 (75 percent) of the entrainment collections through the 1 and 2
mm screens represented reductions of at Teast 50 percent over entrainments
through the unscreened intake, and 10 (83.3 percent) of the 12 collections
showed reductions of more than 30 percent.

Comparisons with tows were made for night sampling only. In all, 10
comparisons were made, five for 1 mm screen entrainment versus tows and five
for 2 mm screen entrainment versus tows. In the 10 comparisohs, none of the
densities of fish collected through the screens was greater than 52 percent

of those taken in the tows. Eight of the 10 comparisons showed screen
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collections of less than 33 percent of the totals for the tows, an exclusion
of 2/3 of fish present. Overall, this shows a substantial reduction in
potential entrainment through the use of fine-slot screens.

During this same study phase (Phase III), adult fish were captured in
both the larval tows and the open pipe intake. No adults were (or could be,
because of the slot sizes) entrained through the fine-slot screens. In

addition, largemouth bass (Micropterus salmoides), an important recreational

species, were collected with the unscreened intake, while none was collected
through the 1 mm or 2 mm screen. Laboratory tests conducted by the TVA
indicated high bypass of M. salmojdes and other centrarchids past wedge-
wire screens (Heuer and Tomljanovich, 1979).

5.6 BIOFOULING

The third objective of the testing program was to determine if the
stainless steel fine-slot wedge-wire screens could be operated reliably in
the St. Johns River. Reliability in this case means that they could be
operated successfully for extended periods without loss of capacity (de-
creased flow) or excessive fouling. A flow-sensitive switch was insta]ied
on the pump system to shut the pump off if the screens became sufficiently
plugged to reduce flow by 25 percent. The pumps were checked twice daily,
and various physical measurements of river conditions were made.

In previous studies (Hanson et al., 1978), fouling of the screens
was associated with biological ‘growth. During each of the Phase III en-
trainment samplings, the screens were examined to identify biofouling
growths and types of debris. This study was conducted from mid-May through
the beginning of September. The screens and screen positions were not
subject to switching or other disturbance throughout the study, except

during biological sampling once every 2-4 weeks.
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Intake flows and water temperatures for this period are plotted on
Figure 12. It is clear that there was no drop in flow rate greater than 25
percent during this study and that flow rate remained very close to the
initial rate of 225 gpm. The 1 mm wedge-wire screen had more shifts in flow
than the 2 mm wedge-wire screen, but there was no clear pattern in these
shifts.

In previous studies (Hanson et al., 1978) biofouling-induced shutdowns
(Tack of flow) were related to water temperatures; the hydroid Garveia
franciscana was found to be responsible for most of the fouling effects.

Most of the biological growth on the screens observed in this study

consisted of the hydroid Cordylophora 1acus£ris, which is common in fresh to

brackish water areas of estuaries. Small amounts of various blue-green
algae, green algae, and diatoms were found among this growth. These in-

cluded:  Lyngbya, Mougeotia, Melosira, and various naviculoids, as shown

on Table 7. The organisms were found on both screens. Once the hydroid
growth was established, a number of invertebrates, including tubificids
and chironomids, were found among this "new habitat." |

Fouling growths of C. lacustris were found to show a high degree of
zonation on the screens. Almost all growth occurred on the upper surfaces
of the screens, with relatively little growth on the underside. This would
appear to indicate that the growth may have been related to light associated
with the growth of periphytic organisms.

Detritus and detritus fouling did not appear to be a problem. The
amount of detritus found on the screens was - usually no more than one or

two blades of Vallisneria americana and some unidentified root hairs and

other organic detritus. Detritus was found on the screens most often

where biofouling growths were present on the screen surface.
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TABLE 7

FOULING GROWTH AND ASSOCIATED
ORGANISMS COLLECTED ON SCREENS
DURING BIOFOULING STUDIES
SEMINOLE ELECTRIC COOPERATIVE, INC.

JUNE - SEPTEMBER 1979

BLUE-GREENS

Anabaena sp.
Lyngbya contorta

L. Nordgoardii
L. sp

DIATOMS

Cocconeis

Coscinodiscus rothii
CyclotelTa meneghiniana
C. sp.

Fragilaria sp.
Gomphonema sp.

Melosira ambigua

M. sp.

Navicula sp.

GREENS

o Aphanochaete sp.
Characium sp.
) Mougeotia sp.
o Oedogonium sp.
Pediastrum sp.
Scenedesmus sp.

Spirogyra sp.
CHAROPHYTES

= Chara sp.
MACROPHYTE PLANTS

Vallisneria americana

o
pee)
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HYDROIDS

Cordylophora lacustris

OTHER INVERTEBRATES

Tubificidae
Chironomidae
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Although during the course of the study there were some small shifts in
flow, neither biofouling nor detrital fouling appeared to cause significant
loss of capacity or otherwise adversely affect the feasibility of screen
use. Since the study was conducted during the period of highest tempera-
ture and greatest biological growth, it was concluded that biofouling will
probably not be a problem at the proposed intake site.

Measurements of approach velocity to the screens showed that fouling
increased velocities during the course of the study by decreasing open
area. Approach velocities to the 1 mm screen measured at 0.5 ft (0.15 m)
with a Marsh McBirney 201 flow meter were 0.10 fps (0.03 mps) with the
screen clean, but increased to 0.20 fps (0.06 mps) in September when the
screen had the greatest amount of biofouling. Approach velocities to the 2
mm screen increased from 0.06 fps (0.02 mps) with the screens clean to 0.15
fps (0.045 mps) in September. These velocities are still substantially less
than the 0.5 fps (0.15 mps) recommended as acceptable by USEPA (1976), and
were measured at half the normal distance of measurement (0.30 m or 1 ft);
they are therefore substantially higher than velocities that would be found
at 0.30m (1 ft).

During the September examination of screen approach velocities,
velocities at 0.30 m (1 ft) from the screen face for both the 1 and 2 mm
screens were always 0.10 fps (0.03 mps) or less. Examinations of velocities
0.08 m (0.25 ft) from the screen surface indicated both front to back and
side to side differences in approach velocity in September. Highest veloci-
ties were found under the screen, where the open screen area was greatest.
Since most of the flow was passing through this reduced area, higher
velocities were expected. Velocities along the bottom of the 1 mm screen
averaged 0.47 fps (0.14 mps) and 0.35 fps (0.11 mps) along the bottom of the

2 mm screen.
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It should be noted that the 1 mm screen appeared to be more heavily
fouled than the 2 mm screen. Higher approach velocities tended to acceler-
ate debris clogging and appeared to increase entrainment. A regular

screen cleaning program should improve screen performance.
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6.0 ANALYSIS

The operational feasibility of fine-slot opening statjonary screens
with Tow approach velocities has been shown at the plant site and has been
chosen for the proposed plant intake (Section 3.4). It therefore remains to
assess the impacts of its operation and assess the extent of mitigation in
determining BTA. These, then will, be the two principal issues addressed
here.

6.1 ASSESSMENT OF IMPACTS

In evaluating the effects of the loss of fish from a community and in
determining impacts, one difficulty normally faced is the rather limited
knowledge available concerning fish communities and the population biology
of many fish species. The St. Johns River, in particular, unlike certain
other waterbodies, has a rather small data base. An evaluative approach,
using quantitative data, quantitative assessment, and qualitative interpre-
tation, therefore seemed most appropriate.

Since test intakes were actually operated at the site of the proposed
intake and since entrainment was estimated in a conservative manner, an
estimate of actual numbers of fish that could potentially be entrained is
available (Table 3). Since the only fish life stages vulnerable to this
intake are eggs, larvae, and some juveniles, some interpretation of what
these numbers actually mean was required.

For fish populations in équi]ibrium, no matter how many times a
fish reproduces and no matter how many eggs and larvae are produced each-
time, only one egg survives to maturity to repface each adult that spawned
ite It is for this reason that egg and larval survival rates, especially

for very fecund forage fish, are extremely low (one per 10,000 or lower).
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The older a fish becomes, from embryo to larva, from larva to juvenile,
the higher its chance of surviving to maturity.

Utilizing a simple population model as defined by Horst (1975) and
suggested by the USEPA (1977) (and subsequently expounded upon by Horst,
unpublished; 1977a, 1977b; Saunders, 1977, Dahlberg, 1977; Goodyear, 1978,
etc.), an estimate has been made of the number of potential adults lost
from fish populations due to the entrainment of larvae, eggs, and juveniles.

The model is developed as follows (Horst, 1975). If a population is
in equilibrium, in one generation the total offspring produced by a pair of
breeding adults will be reduced to a second single pair of breeding adults.
That is:

2 = Se°F

Se = the survival from egg to adult

F = the fecundity of a female during her lifetime
Therefore, if an entrained life stage is an egg, the estimate of the

number of adults lost is:

Na = SeNe = E-Ne
F
Na = number of adults reaching maturity assuming no density dependence
Ne = number of eggs entrained
2 = number of adults needed to be produced by a breeding pair

Where the entrained 1ife stage is a larva:

Na=5] N =2F « N
Sel

S1 = survival from larva to adult stage
Se1 = survival from egg to larvae
N1 - number of Tarvae entrained

This model makes several assumptions (Horst, 1977):
-The population is in equilibrium and is densfty independent.

-The sex ratio is equal and does not change.
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-The lifetime of a fish in the population is equivalent to the mean
generation time (MGT).

-Removal of eggs occurs when they are laid.

-Removal of larvae occurs when they hatch.

-Age distribution of the population is stable.

Since the model assumes no density dependence or compensation for
losses, it systematically ignores the fact that without such compensation,
all forage fish species would be extinct due to exploitation by predators;
it is therefore inherently conservative. Therefore, if this "equivalent
adult" model indicates levels of adverse impact that can be considered
acceptable, refinements of the model that make it more realistic should not
cause much deviation from the results obtained (Horst, unpublished). Since
the amount of information required for even this simple model was more than
was available in the literature (reviewed for vulnerable species in Appendix
D), information obtained during these studies and by discussion with scien-
tists in the area was used.

In addition, when survival rates were not available or could not be
calculated (for egg to larval stage, for example) and parents care for

offspring (e.g., Gobiosoma bosci), 50 percent survival from egg to larvae

was assumed (Sel = 0.50). This also represents a conservative assumption.
Sufficient data were available on five species vulnerable to the 1 mm and 2

mm screens to estimate losses of "equivalent adults" for the proposed power

plant. Losses of "equivalent adults" for Lucania parva, Menidia beryllina,

G. bosci, Microgobius gulosus, and Lepomis sp. were calculated. Estimates

were also made for both maximum and mean flows. Biomass of "equivalent
adults" lost was estimated based upon weights of fish actually measured in
the St. Johns River. These results are shown in Table 8. These species, in

general, were those most vulnerable to the 1 and 2 mm screen intakes.
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Since four of the five species above were forage species, it was
determined that the equivalent weight of game fish production, that is
biomass, lost should be examined. Examination of the literature indicated
that the conversion of biomass from one trophic level to the next occurs at
an efficiency of between 10 and 20 percent, with most estimates closer to 10
percent. Using the high end of the range, 20 percent, (as stated by Odum,
1970) for a conservative conversion factor and assuming that no intermediate
steps occurred that could reduce the conversion efficiency, losses of game
fish biomass were estimated (Table 8). Since Lepomis sp. is a game fish,
losses were based on the average weight of an adult at MGT. It is clear
that even using a conservative approach to calculating losses of potential
game fish biomass, that Tosses were quite small and considerably less than
would be expected from just a few days of recreational fishing in the
Palatka, Florida area.

Due to the conservative nature of the model used, no compensatory
response by the populations involved was assumed. The nature of the
pertubation to the fish community actually differs from the model in that it
has less impact on the fish population than the model predicts.

It is important in assessing the impact of intake operation on fish
communities to understand the nature of their action on individual fish
populations, which, as McFadden (1977) notes, is predatory:

"...the imposition on a population of increased mortality that takes a
form similar to natural predation...is the kind of impact to which the
population has been adapted by thousands or millions of years of
evolutionary experience. The agent of mortality--predatory fish,
commercial or sport fishermen, or power plants--is an indifferent
matter from the standpoint of population response. When the popula-

tion is reduced in numbers, the survival rate or reproductive rate
among the remaining members tends to increase; a compensating response

is generated."”

In addition, only young-of-the-year fish are vulnerable to the proposed
intake.
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The effect of removing young-of-the-year fish is discussed by McFadden
(1977), who quotes Ricker (1954, p.607), as follows:

"Exploitation that takes fish at an age when natural mortality is still

compensatory means, for practical purposes, a fishery for young during

the first year or two of their Tife--the earlier the better. The

removal of such young is at least partly balanced by increased survi-
val and/or growth of the remainder..."

Ricker goes on to say:

"s..that any general prejudice against exploiting of young fish is
unsound."

The natural fecundity of the major species of fish found in the St.

Johns River makes extremely high mortalities inevitable. Otherwise these

species would rapidly increase in number.

The overall numbers of macroinvertebrates present, the small quantity
of river water to be taken in by the plant, and the fact that these macro-
invertebrates are not characteristic of rare or unusual habitats indicate
that adverse impacts to these populations should be small.

The above information and background information 1in the EA allows
one to conclude (in addressing USEPA [1977] decision criteria) the fo11oWing:

-The ecological functioning of the unit is not impaired or reduced

to the point that Tlong-term stability at the pre-existing level is
decreased. In fact, it is unlikely that any adverse effects of intake

operation could even be discerned at that level.

-No significant reduction in optimum sustained yield to the sport
or commercial fishery is expected. Losses of game fish as indicated
by the "equivalent adult" model will be very small and may actually
be compensated. 5

-No endangered species is adversely affected. No endangered fish
species was found in the area and the stationary nature of the screens
and low intake velocity eliminate the potential for adversely affect-
ing aquatic mammals.

-The operation of the intake will not cause an unmitigatable loss
to the aquatic system. Effects will be very small.
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6.2 MITIGATION OF IMPACTS

It is quite clear from examination of Tables 4, 6, and 8 and from
other information presented in section 5.0 (Results) that substantial
reductions in entrainment can be achieved by use of cylindrical, fine-slot
opening wedge-wire screens with a low approach velocity (less than 0.5 fps)
and uniform velocity field. Estimated larval entrainment was reduced more
than 60 percent by the 1 mm and 2 mm screens (as compared to the essentially
unscreened intake).

It was also clear that almost complete mitigation of impingement
impacts may be achieved in this same way. This cannot be overemphasized,
since protection of older life stages from loss as a result of intake
operation is of paramount importance. Older life stages have "more value"
to their respective populations than younger life stages. Many fish species
are extremely fecund. Many more eggs are produced than survive to become
larvae. In turn, the number of larvae is much higher than the'number
surviving to become juveniles, and the number of juveniles is much higher
than the number that survive to maturity.

The other features of intake location, plant capacity, and minimized
dredging (EA, 1978), in addition to the above, indicate that the system

chosen constitutes BTA.
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7.0 CONCLUSIONS

After reviewing the available data, the results of the studies con-
ducted, and the available Tliterature, an intake has been selected that
can mitigate impingement and entrainment impacts by:

1. Reducing the cooling water volume required

2. Placing the intake in an area of low fish density and outside
the nearshore vegetation area

3. Using fine-opening screens to exclude even relatively small
organisms

4. Having Tow approach velocities
5. Having a uniform velocity field

6. Locating the intake and the discharge in such a manner as to
prevent the recirculation of discharged water

Other potential adverse impacts would be reduced by:

7. Reducing dredging especially in the nearshore zone

Potential adverse impacts that can be caused by intake operation
have been analyzed, and it is concluded that:

1. The effect of the intake is predatory in nature.

2. The operation of the intake will not significantly reduce or
impair the ecological functioning of the community.

3. There will be no significant reduction in yield of sport or
commercial fish.

4. Endangered species will not be adversely affected.
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8.0 BTA STATEMENT

A Plan of Study for the work necessary to assist USEPA to determine
best technology available (BTA) was submitted to and approved by the USEPA
(Region IV), the U.S. Fish and Wildlife Service, or USFWS (Region IV), the
USFWS National Power Plant Team, the Florida Department of Environmental
Regulation, and the Florida Game and Freshwater Fish Commission.

These studies, together with those in the EA (1979), fulfill compliance
with Section 316(b) of the Clean Water Act, or CWA (P.L. 92-500 as amended
in 1977) and criteria of the USEPA 316(b) Guidance Manual (1977). Section
316(b) of the CWA requires that the "...location, design, construction, and
capacity of cooling water intake structures reflect the best technology
available for minimizing adverse environmental impact."

With respect to these criteria, the following conclusions have been

reached:

1. The location of the plant intake is offshore in an area of rela-
tively Tow fish and ichthyoplankton densities. This location
avoids beds of aquatic macrophytes and fish nursery areas.

2. The design of the intake incorporates screens with fine openings
that have a low approach velocity (less than 0.5 fps maximum) and
an extremely uniform velocity distribution. These screens greatly
reduce impingement and entrainment of younger fish 1ife stages and
prevent impingement and entrainment of older fish by excluding

them.

3. Dredging and construction impacts will be greatly reduced by
the presence of relatively deep water at the offshore location and
by the absence of praductive macrophyte beds and associated com-

munities. ’

4. Closed-cycle cooling will greatly reduce the capacity (cooling
water withdrawal rate) for the proposed units.

Therefore the cooling water intake of proposed Seminole Plant Units
No. 1 and No. 2 will meet Section 316(b) criteria for "...the best tech-

nology available for minimizing environmental impact.”
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APPENDIX A
INTAKE LOCATION STUDY

METHODS

To assess the extent to which the proposed intake area was utilized by
fisﬁ and to assess its use as a fish spawning area and nursery habitat, two
tasks were performed: an investigation of submerged vegetation and sampling
of fish from egg through adult stages. To sample fish from this broad a
developmental range and from a variety of water depths, several different
gear types were used. These included a minnow seine, an ichthyoplankton
pump, a sled net, a towed ichthyoplankton net, gill nets, hoop nets, and an
otter trawl. Sampling stations and techniques employed to conduct the two
tasks are described below.

AQUATIC MACROPHYTES
On March 6, 1979, submerged macrophytes were mapped in the St. dJohns

River in the vicinity of Corridor A (defined in the EA). Five transect
points were established: one at each edge of Seminole's property line within
this corridor and three spaced equidistantly between these two points. On a
line extending perpendicular to the shore at each of these points, macro-
phytes were sampled at 16.4 ft (5 cm) intervals. Sampling was conducted far
enough into the river to determine the outside (riverward) edge of the bed
at each transect. Macrophytes were collected by hand and with the use of a
potato rake. Species compositioﬁ of each sample was determined and notes on
plant condition were made.
FISH AND MACROINVERTEBRATES

To assess fish and macroinvertebrate densities and the possible use of
the proposed intake area for spawning and as a nursery area, it was neces-

sary to sample fish as eggs, larvae, juveniles, and adults, as well as
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benthic macroinvertebrates and drift. It was also necessary to sample at
depths ranging from several inches to approximately 10 ft (approximately 3
m). To accomplish this, a variety of gear were deployed; the use of each is
described below.

Minnow Seine

On March 12, 1979, the St. Johns River was seined in the vicinity of
Corridor A. A minnow seine allowed collection of Juvenile and adult fishes
in water up to 3 1/2 to 4 ft (1.1 to 1.2 m) deep. Seining stations were
established at 20 ft (6.1 m), 25 ft (7.6 m), 50 ft (15.2 m), 100 ft (30.5
m), 150 ft (45.7 m), 200 ft (61.0 m), and 250 ft (76.2 m) intervals from
shore. A 10 ft (3 m) minnow seine with a 1/8 in. (3.2 mm) Ace mesh was
used. At the 20 ft (6.1 m) station, the seine was hauled from the station
point to the river bank. At other stations, the seine was hauled parallel
to shore; these hauls ranged from 50 ft (15.2 m) to 100 ft (30.5 m) 1in
length.

Fish collected in the seine hauls were preserved in the field with
10 percent formalin (4 percent formaldehyde). Identification and measufe-
ments were performed in the laboratory. Keys used in identification in-
cluded Hoese and Moore (1977), Stevenson (1976), and Pflieger (1975).
Measurements bf total length were made to the nearest millimeter.

Ichthyoplankton Pump

An ichthyoplankton pump was used to sample for organisms adhering to
the substrate or present in the bottom several inches of the water column in
the study area. Eggs of rainwater killifish, naked goby, and tidewater
silverside (known to be abundant in the study area) are normally deposited
on and adhere to substrate or aquatic vegetation (Hardy, 1978, Fritzche,

1978; Martin and Drewry, 1978). The ichthyoplankton pump allowed collection
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of these eggs and also the collection of fishes small enough to escape
through the mesh of the minnow seine.

The ichthyoplankton pump acts much Tike a vacuum cleaner. A nozzle
with a rectangular opening 9 in. (22.9 cm) by 20 in. (50.8 cm) was mounted
on a sled. The nozzle was screened with a 3/4 in. (1.9 cm) diamond-shaped
metal screen to exclude large debris which would clog the pump. This nozzle
served as the intake for the system and was attached to a high volume (385
gpm), low pressure trash pump by a noncollapsible 3 in. (7.6 cm) diameter
hose. The pump discharged through a canvas hose into a conical plankton net
(363-micron mesh Nitex) with a sample bottle attached at the cod end.

A sample was taken by hand towing the sled and nozzle across the
substrate for a distance of 50 ft (15.2 m). Tows were made parallel to
shore at distances of 50 ft (15.2 m), 150 ft (45.7 m), and 250 ft (76.2
m) from the shoreline. The pump, powered by a four-cycle engine, was
mounted on a boat. As the sled was towed across the substrate, loose
sediment, debris, and vegetation were sucked through the nozzle and pump and
discharged into the filter net. When a sample tow was completed, the deﬁris
retained in the net was washed down into the sample bottle. This sample was
preserved in the field with 10 percent formalin (4 percent formaldehyde)
and labelled appropriately. Duplicate samples were taken at each location.

Fish eggs and larvae were sorted from the debris in Dames & Moore's
Cincinnati 1laboratory. Organiéms were counted and identified. Several
taxonomic references were used: Hardy (1978), Fritzche (1978), Martin and
Drewry (1978), Wang and Kernehan (1979), and ‘Stevenson (1976). Identifi-
cations were confirmed by Mr. D. Snyder at the Larval Fish Laboratory of

Colorado State University, Fort Collins, Colorado.
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River depth Timited the area which could appropriately be sampled
with this device. A minimum of 6 to 12 in. (15.2 to 30.5 cm) of water is
required for complete submersion of the nozzle, which must be maintained for
the pump to maintain suction. Beyond 250 ft (76.2 m) from shore, the river
was too deep to tow the sled. Although the area that could be sampled with
this device was limited, large volumes of soft substrate were filtered and
yielded data that could not be obtained with any other method used in
this survey.

Sled Net

A sled net (Wildlife Supply Co. [Wildco] Cat. No. 171) was used to
sample water immediately above the river's substrate at stations located 150
ft (45.7 m), 250 ft (76.2 m), 350 ft (106.7 m), 500 ft (152.4 m), and 700 ft
(213.4 m) from shore. This net, which is 14 in. (35.6 cm) wide by 14 in.
(35.6 cm) high and supported on runners, rides close to the substrate as it
is towed. 363-micron mesh Nitex was used as the netting material, and the
net had a fitting at the cod end to allow the sample container to be at-
tached directly to it.

The sled net was towed from the stern of an outboard-powered, open work
boat. Tows were made parallel to shore for a duration of 4 minutes.
Between 4.81 and 90.55 m3 of water were filtered for each sample.
The variation in sample volume was due to the net occasionally clogging with
fine debris; this considerably reduced the filtering efficiency of the net.
A General Oceanics model 2030 MK II digital flow meter was mounted in the
net mouth. Readings from this meter allowed calculation of volume of
sample. Samples were preserved in the fie]d'with 10 percent formalin (4
percent formaldehyde).

Duplicate tows, both day and night, were made at the 250 ft (76.2
m), 350 ft (106.7m ), 500 (152.4 m), and 700 ft (213.4 m) stations. Only
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day tows were made at the 150 ft (45.7 m) station because the receding tide

made this station too shallow to sample at night.

Use of the sled net allowed assessment of spatial and diel distri-
butions of fish larvae and eggs present near the river bottom.

Ichthyoplankton Net

A towed conical ichthyoplankton net was used to sample the subsurface
at distances 250 ft (76.2 m), 350 ft (106.7 m), 500 ft (152.4 m), and 700
ft (213.4 m) from shore. Both the subsurface and mid-depth were sampled at
a distance of 900 ft (274.3 m) from shore. The conical plankton net,
constructed of 363-micron mesh Nitex material, had a 75 cm (29.5 in.) mouth,
a 3:1 length-to-mouth ratio, and was fitted with a cod end which accommo-
dated a l-liter sample jar. A General Oceanics Model 2030 MK II digital
flow meter was suspended in the upper third of the net mouth. Readings from
this meter allowed the calculation of volume of water filtered.

The net was deployed from the bow of the boat and towed at an effective
velocity of approximately 0.90 m/sec (2.95 ft/sec) with the motor in
reverse. A cable depressor (Wildco Cat. No. 090), suspended 5 to 6 1/2
ft (1.5 to 2.0 m) below the towing line about 6 1/2 feet (1.98 m) in front
of the towing bridle, depressed the towing line and, consequently, the net.
By adjusting the amount of towing line between the net and boat, the net's
depth in the water column could be regulated. The length of line let out,
and its angle of departure from the vertical was noted; this allowed calcu-
lation of net depth. Tows were made parallel to shore and upstream for 6
minutes; sample volumes were near 125 m3. When a tow was completed, the
contents of the net were washed into the sample bottle. The sample was
preserved in the field with 10 percent formalin (4 percent formaldehyde) and
the sample jar was labeled appropriately. Duplicate tows, both day and

night, were made at each station.
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The towed ichthyoplankton net allowed sampling of macroinvertebrate
drift and macrozooplankton, eggs, larvae, juveniles, and some adults
present in the mid and upper portions of the water column. Sampling closer
to shore than 250 ft (76.2 m) could not be done with this net because of
shallow water. 1In water less than about 6 ft (about 1.8 m) deep, the
depressor would drag on the substrate and/or the net itself would dig into
the substrate. Once this occurred, the debris in the net clogged the mesh
and greatly impaired filtering efficiency.

Ekman Dredge

A 6" x 6" x 6" (152 mm x 152 mm x 152 mm) (Wildco Cat. No. 196) was
utilized to collect benthic macroinvertebrates at various distances from
shore. Triplicate samples were taken in the field at distances of 50 ft
(15.2 m), 150 ft (45.7 m), 250 ft (76.2 m), 350 ft (106.7 m), 500 ft (152.4
m), 750 ft (213.4 m), and 900 ft (274.3 m) from shore. Samples were sieved
in the field using a #30 sieve installed within a bucket (Wildco Cat. No.
190) and were preserved with 10 percent formalin (4 percent formaldehyde)

and transported back to the laboratory for analysis.

Hoop Nets

Hoop nets were used to sample for adult fishes at stations 300 ft
(91.4 m) and 900 ft (274.3 m) from shore. The front hoops of these nets
were 3 ft (0.9 m) in diameter, and the nets were fitted with a mesh combi-
nation of 2 in. (5.1 cm) between the first three hoops and 1 1/2 in. (3.8
cm) between the remaining hoop. A 25 ft (7.6 m) lead of 2 in. (5.1 cm) mesh
was attached to the front of the net. The nets were oriented perpendicular
to shore and fished for 48 hours. They were checked every 12 hours and
captured fishes were removed. Fish which could be identified with confi-
dence were processed in the field; others were preserved in the field in 10

percent formalin (4 percent formaldehyde) and sent to the laboratory for
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processing. Total Tength (to the nearest mm), weight (to the nearest gm),
and gonadal condition were recorded.
Gill Nets

Gill nets were used to sample for adult fishes at station 300 ft (91.4
m) and 900 ft (274.3 m) from shore. At the 300 ft (91.4 m) station, a net
was fished at the bottom only. At the 900 ft (274.3 m) station, the net was
set for 2 days on the bottom and then floated from the surface for 2 more
days of fishing. Nets used were experimental monofilament gill nets con-
sisting of 8 panels 9 ft (2.7 m) long by 4 ft (1.2 m) high. Each net
contained one panel of 1/2 in. (1.3 cm) mesh, one of 1 in. (2.5 cm) mesh,
one of 1 1/2 in. (3.8 cm) mesh, two of 2 in. (5.1 cm) mesh, one of 3 in.
(7.6 cm) mesh, one of 3 1/2 in. (8.9 cm) mesh, and one of 4 in. (10.2 cm)
mesh. Sets were made perpendicular to shore and fished for 2 days. Nets
were checked and cleaned every 12 hours. Many fish in the nets had been
partially consumed by crabs by the time the nets were cleaned. When pos-
sible, these fish were identified and measured. Other fish were procesged
in the field. Total Tength (to the nearest mm), weight (to the nearest gm),

and gonadal condition were recorded.

Otter Trawl

A 10 ft (3.0 m) otter trawl (mouth height of 3 to 4 ft [0.9 to 1.2 m])
was used to sample for bottom-dwelling fishes at stations 300 ft (91.4 m)
and 900 ft (274.3 m) from shore.. The trawl was lined with a 1/4 in. (0.6
cm) mesh line to retain juvenile fishes. Duplicate tows were made parallel
to shore at each station both day and night. Adult fish were processed in
the field. Smaller fish were preserved in the field in 10 percent formalin
(4 percent formaldehyde) and transported to the laboratory for processing.

Measurements of total length (to the nearest mm) were made on all fish. For
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adult fish, weight measurements (to the nearest gm) were taken and gonadal

condition checked.

RESULTS

INTRODUCTION
The previously described sampling program was designed to provide data
with which an environmentally suitable intake location could be chosen.

AQUATIC MACROPHYTES

Vallisneria beds or areas capable of supporting Vallisneria are consid-
ered to be fish spawning and nursery grounds by the state of Florida (Mur-
rin, 1979). A survey conducted by the U.S. National Marine Fisheries
Services at the possible inshore intake location concluded that the vegeta-
tion in that area provided habitat suitable as nursery areas for finfish and
shellfish species (Stevenson, 1979).

As previously described, a survey to map the aquatic macrophytes in the
St. Johns River at Corridor A was conducted on March 6, 1979. The following
results were obtained on the basis of this survey:

1. Vallisneria is the dominant vegetation in the area and extends as a

wide band from approximately 16 ft (approximately 5 m) from the

bank to approximately 180 to 230 ft (approximately 55 to 70 m)
offshore.

2. The riverward edge of the bed is determined by river depth. In
the St. Johns River, light penetration adequate for Vallisneria
growth is not sufficient in water deeper than 4 to 5 ft (1.2 to 1.5

m).

3. Near shore, Vallisneria generally consists of young, short plants.
This suggests new growth in an area where wave action is eroding
away plants at a fairly constant rate.

4. Mature, long-leaved, and dense growths of Vallisneria occurred

from approximately 100 ft (approximately 30 m) to 150 to 165
ft (45 to 50 m) offshore.
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5. Beyond 165 ft (50.3 m), most Vallisneria were ragged, mature
plants with most of the Teaves broken off. This may be due to
wave and/or current action in this zone.

6. No Hgdri]]a was found. Only one significant patch of Eleocharis
was found, and this was near shore.

7. Highest densities of Naja occurred in areas with little or no
Vallisneria and usually closer to shore than Vallisneria.

The presence of this macrophyte bed does establish the potential for
a nursery area in the near shore zone of Corridor A. The extent to which
this area was actually being utilized by fishes was then surveyed. The
results of this subsequent survey are described in the following section.
FISHES

To assess fish distribution and the extent to which they might utilize
the macrophyte bed within Corridor A, fishes were sampled at variously
spaced stations out to a distance of 900 ft (274.3 m) from shore with
seven different gear types. The station locations and gear were previously
described. The variety of gear allowed collection of fish from eggs
through adults at river depths from several inches to approximately 10 ft (3
m). The sampled area included the macrophyte bed, the site for the bro-
posed intake, and the site for the proposed discharge. The results by gear
type of this survey are described in the following subsections.
Seines

Seine hauling results (Table A-1) indicated that fish were concen-
trated in two areas: within 20 ft (6.1 m) of the shoreline and at a dis-
tance of approximately 50 ft (15.2 m) from shore. In both cases, adult

mosquitofish (Gambusia affinis) were the most abundant species collected.

Rainwater killifish (Lucania parva) and tidewater silverside (Menidia

beryllina) were also abundant. Numbers of fish and numbers of species both
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declined beyond 50 ft from shore. Beyond the macrophyte bed (at the 200 and
250 ft [70.0 m and 76.2 m] stations), numbers were much reduced, with only
one and four fish, respectively, collected at the two stations.

Small fish seem to concentrate in the inshore portions of moderate
to dense cover afforded by the macrophyte bed present within Corridor
A. Beyond this bed, small fish abundance was considerably reduced.

Ichthyoplankton Pump

Results of ichthyoplankton pump sampling are presented in Table A-2.
Numbers of fish and eggs were similar at the 50 ft (15.2 m) and 150 ft (45.7
m) stations and considerably reduced at the 250 ft (76.2 m) station.
Sampling nearest the shore (50 ft station) yielded more species (4) than did
that offshore (1 species at 150 feet; 2 species at 250 feet).

Results of ichthyoplankton pump sampling confirm results from seine
hauls: fish were concentrated in the macrophyte areas. Pump data also show

that fish eggs are most abundant in these same areas.

Sled Net

Sled net data (Table A-3) show a distinct difference between day and
night captures. Fish or eggs were found in only one out of 10 day tows as
opposed to 6 out of 12 night tows. Eggs appeared in one tow, a night tow
150 ft (45.7 m) from shore. Juvenile fish showed an irregular distribution
up to 500 ft (152.4 m) from shore. No fish were captured at the 700 ft
(213.4 m) and 900 ft (274.3 m) stations.

These results generally confirm those found using other methods.
Eggs were found in the area occupied by the macrophyte bed. Few fish were
found beyond the bed, and those that were found--Atlantic croaker (Micro-

pogan undulatus) and hogchoker (Trinectes maculatus)--were not the same

species found abundantly among macrophytes by seining or ichthyoplankton

pump.
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Ichthyoplankton Net

Ichthyoplankton net data (Table A-4) also showed distinct differences
between frequencies of day and night captures. Fish were captured in one
out of 12 day tows compared to all 12 night tows. This may reflect actual
diel differences in abundance in this area; however, it is felt that
this more likely reflects net avoidance by fish during the day.

Fish eggs were collected in only one tow, a night tow 250 ft (76.2
m) from shore. This tow passed through the outer margin of the macrophyte
bed, which probably explains the appearance of eggs in this sample. Other
tows--all made beyond the macrophyte bed--did not collect any eggs.

Although total densities of fish collected were fairly even in night
tows made from 250 ft (76.2 m) to 900 ft (274.3 m) from shore, the species
composition of fish collected at 350 ft (106.7 m) and beyond did show some
differences from samples collected closer to shore with other techniques.
Whereas killifish, sailfin mollies, silversides, and gobies were abundant
in seine haul samples taken over the macrophyte bed, only silversides (of
these four) were collected by the ichthyoplankton net. The larvae .and
Jjuveniles of Atlantic croaker and bay anchovy appeared frequently in ichthy-
oplankton net tows but not at all in seine hauls.

Gill Nets and Hoop Nets

Only one fish was captured with the hoop nets (Table A-5). This was a

female redear sunfish (Lepomis microlophus) captured from a net set 900 ft

(274.3 m) offshore.

Gill net captures (Table A-6) did not show any conclusive differences
between sets placed 300 ft (91.4 m) and 900 ft (274.3 m) from shore.

Clupeid species--blueback herring (Alosa aestivalis), gizzard shad (Dorosoma

cepedianum), and threadfin shad (D. petenense)--were those most frequently



captured. Other species captured included bluegill (Lepomis macrochirus)

and white catfish (Ictalurus catus).

Otter Trawl

Among fishes collected in the otter trawl (Table A-7), Atlantic croaker
was most abundant, followed by white catfish and bay anchovy. All the
croakers collected were juveniles or late postlarvae. Most white catfish
were juveniles, and all anchovies were adults. Overall, croaker and
white catfish were more abundant at the station 900 ft (274.3 m) from shore,
while anchovies were more abundant at the station 300 ft (91.4 m) from
shore.

The abundance of young croakers and white catfish in these collections
contrasts to the absence of these species from collections made over the
macrophyte bed. Areas offshore and free from vegetation apparently are
important to juvenile croakers and white catfish. Croakers and white
catfish were actually more abundant at the distant station (900 ft [274.3 m]
from shore) than at the closer station (300 ft [91.4 m] from shore).
MACROINVERTEBRATES

Macroinvertebrates collected appear in Tables A-8 and A-9. The numer-
ically dominant taxa were tubificid worms (47 percent), chironomid midges
(37 percent), isopods (6 percent), and amphipods (3 percent). The tubifi-
cids and chironomids apparently reach their peak abundances and diversities
at about 350 ft (106.7 m) from shore. Both of these taxa are widely dis-
tributed and relatively abundant along the 900-foot transect. Both taxa are
very resilient, i.e. they recover rapidly from major population shifts.
Chironomids disperse through a flying adult stage. Dispersal of tubificids
larvae would be greatly enhanced by local currents. Thus, recolonization

would not be difficult for these organisms.
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Among other minor taxa observed, only the blue crab, Callinectes

sapidus, is of significant commercial interest. Its rare occurrence in
the samples probably reflects its ability to avoid plankton nets, in
addition to its relatively low density. Adult and juvenile blue crabs
should not be adversely affected by the intake. Larval Callinectes would
be entrained, but blue crabs would not reproduce significantly at such Tow
salinities and would not be found in the area. Adult and juvenile blue
crabs may be attracted by impinged or fouled food sources on the screens.

The relative abundance of drift organisms (those macroinvertebrates
found among the zooplankton) at the various distances from shore show a
reduction in density with distance from shore, particularly at night. Most
organisms found were rather common at all locations and most would be
considered mobile and widespread.

CONCLUSION

The data from these studies confirm the presence of a macrophyte
bed extending approximately 16 ft (5 m) to approximately 180 to 230 ft
(50 to 70 m) from shore. Data from fish collections suggest that this
bed is utilized by some small forage species as a spawning ground and
nursery area. Species for which this area appears particularly important
include rainwater killifish, mosquitofish, sailfin molly, tidewater silver-
side, and naked goby. These species did not appear in any abundance in
samples taken beyond the macrophyte bed. Otter trawl data suggest that
vegetation-free offshore areas are uti]ized‘ by Jjuvenile and adult white
catfish and juvenile Atlantic croakers. These species were more abundant

as juveniles at the 900 ft (274.3 m) station than at the 300 ft (91.4 m)

station.



&

ns

0s

[&D
pantag

Awersig
TR e —

1 ar
ne. 1 s
0 2 g
01 1 as
oy 1 05 1 2 0s
W faise|as [€13) T U pETSS[ e [61))
() aagquny nautag aamqany pautag
aury aryg AMelsyg abury My
T Raa s ICIRTEGE] B ETCTRTRTE

e ROUPIS(

105 -

(3N13S 35 01) i Tawys 135

1313

05
12 0s
€ 05
82 05
¥ as
225 05§
£6 0s
15 0s
[CXECTITH 1
aaquny pautag
adueysy
TS e

1 0s

BI3AT(53 (]

Haquing pautag

t aumistg
e A3URISLG

2 - aor3esn

LS
9 0z
2 U4
14 02
£ 02
£e 0z
¥ 24
€2 02
€61 02
1 74
82 02
2t 02
T 02
P3133{fa) k)
Jagqung pautag
Jurysy
w013e307

—t s sy

avasey
aytuaanp
1inpy

aeaseq
atiuaanp
Hopy

Bl FIE]
Altusang
nopy

aeatey
3l1uasnp
Unpy

avasey
3tuaanp
npy

aeAdey
3l waanp
tnpy

aeasey
d1uaanp
Unpy

seasey
atuasnp
1tnpy

arate)
ApLuaanp
Unpy

avaseq
Attuaanp
Yy

aeate)
2| juaanp
1tnpy

EIIWTY
3guaanp
Unpy

aeatey
aluaanp
npy

aradeq
aytuaang
U npy

heis a5ty

SWIoL
Aqob_umo|y

SASB{A SRIqOBNISTH

Aqob payen

135N Tuwosa1q0n
13| L padyay
SALeqdsy | ihny

eapay

ysiguns
SAUdO(BIItT S fwodsy

1hangg

SAIE0IM STwodsy

3p4SI3ALLS aazemapy

FUT{Xdag Bipusy

ALoa ur o
u==_w_»u_ #1304
YsLEL| 11y 1seay

PSOWI0Y eliplieaaay

Ysijoiinbsoy

SIuty3e ersnquen

YSLILLI Y _t93emu by
eazed

ertesny

USESIELEY Upgangg
L

pooh Fruesny

4StLI11Y ajouuag

S1{0vIw3s Sn{Rpong

YSLILLEEY YSaey

SA3UaN| {105 SAinpong

23utys uap o
S€IN3[0SAID SRUDH LwaT0N

AT UoIH0]
ey D1317ua)>
EETETT




uylbusT (W zL°G6y) 3IF 06T IO I0S9SURIY PABPURIS JUO I03 ax® mumn&dzm

2T 6 61 STe30L

- - - G - - - € - - - T sbba
_ ~ - - _ - - - - - - - oBATRT

_ _ _ - - - - - -~ - - - TTuUdANL Aqob umoTD

_ - - ~ - - - - - - - - TPy snsoTnb sntqoboadTw
_ _ _ - _ - - - - - - - sealeT

- 02-S1 - T G¢-02 - 0Z-6T 4 - §¢-0¢ - T aTTuULANp Xqob payen

_ _ - - - - - - - - - - 310pyY TOSO BWOSOTJOH
_ - _ - - - - - - - - - seaxe]

_ _ _ - - - - - - - - - aTTUSAND OPTSIDATTS IDIEMOPTL

- - - - - - - - - Sy~0% - T ITnPY BUTTTAIS] BTPTUSH
- - - - - - - - - - - - ovaIeT

- 57-0¢C - Z - - - - - - - - oTTuUuLANL ystjozinbsor

- - - - - - - - - - - - 1T0pY STUTIJE BISNqUERD
_ - - - _ - - - - - - - arATRT

- - - - ob~s¢g 0g-G6¢ 0€-4¢ |4 0g-82 ST-07 sZ~-0¢ € aTTusanpy YUSTITITTY Id83emutey]

- - - - - - - - - - - - ITnpy eaxed eTueON]

(uu1) xel  (UmI) ®PORW (WM UTW STeNPTATPUI  (um)Xey (ung) 9pOoW (UMW) UTH STenpTATPUI  (WW)XeR (uWW)9poW (W) UTR STEOPTATPUI . abe3s uoxeq,
30 *ON Jo -ON JO *ON 2311

D o3eoifdey

g ojeorTdey

6L6T ‘6 HOUWW
mmmomm WO3d (W ¢°GT) IIII 0S

¥ ¥oaryyoesn

YAI¥0Td ‘9IATIY SNHOL “1S

v 93eotridey

JATLYIEA00D DIHLOTATH TTONIWAS
STIAWYS dWNd NOIMNYIdOXHLHOI

¢-Y dIgYL




ST 81
- - - T - - - ST
- 0€-G2 - T - - - -
5¢-0¢ SZ-0¢ 0¢-61 L - SZ-0¢ - 4
(wu) xe  (ww) SPOW (UMW) UTW STeNPTATPUI (W) Xel] (ull) opoR (W) UTW  STenpTATPUI
FO °ON Jo °*ON

d o3eotr1deay

¥ ®3eo1Tdsy

6L6T ‘6 HDIWW

pTdOHS WOdd (W L°G¥) IIFII 0OGT

¥ 30419900

YAIJ0T1d ‘¥IAIY SNHOL °IS
ATIVIHJO0D DIYLOATE FTIONIWAS
SETIWYS dWNd NOIMNYIJOAHIHDI

(pPenNUTlUOD) Z-¥ FIGVL

Y3busT (w zL°SP) 3F 0GT FO 3IVOSURI] PIBPURIS SUO I0I oie STDqUINN,,

sTe30]
sbba
arAIRT
oTTUSAND Agob umoT)
3TOpY snsoTnb sutqoboaoTy
orAIRT
sTTUSAND Agob payen
3T0PY TOSOQ BUWOSOTHOD
SeAIRT
STTUSANL SPTSASATIS I93MapPTL
ITOPY RUTTTAXSY BTPTUSH
EX=YiW 4 =l5)
sTTURADD ystioztnbson
3TOpPY STUTIIe eTISNQUIRS
seaxeT
oTTuUSAnL USTITITTY Ie9jemutrey
3TnpyY eaxed eTuURONT
abeas uoxel,
9311

O

—
1

<C




Y3busT (W ZL°GH) 3F 0GT IO 3ID9SURII PIPPULIS BUO I031 oxe sIDqUINN

9 1 sSTe305
_ _ _ c - - - T sbbg
_ - - - - - - - seAIeT
B ce-0¢ - T - - - - sTtusAnp Agob umoTd
_ _ - _ - - - - AINpY snsoTnb SNTAObOID TR
_ - - - - - - - arAxRT
52-02 - 0Z~-S1 Z - - - - sTTUSATID Aqob peayen
B _ - - - - - - 3INPY TOSOq PWOSOTJOD
_ - - - - - - - ovaxe]
- - - - - - - - STTUSANL SPTSASATTS I93BMOPTL ~
- - - - - - - - 3TNPY RUTTTAI®] ®IpPTUSH -
<
- - - - - - - - orAIRT
- - - - - - - - aTTUSATL ysiyojzinbsop
- - - - - - - - ITnpy STUTIIe eIsSnques
- - - - - - - - orAIERT]
- - - - - - - - aTTusAnp USTITTTTH Aojemurey
- - - - - - - - 3Tnpy eaged eTURONT
(ww) Xely (W) SpOW (UMW) UTW STRNPTATPUI (W) XeR (ur) ®pOW (UMW) UTW STeNpTATPUT abeas uoxeJ,
Jo "ON JO "ON 83T1
g @3eo1Tdoy ¥ 8&3eorTdey

6L6T ‘6 HOYWW
pTIOHS WOdd (W z°9L) IdFd 0GC
¥ d0drydod
YAIdoTd ‘¥dAI¥ SNHOL °IS
JATLYIIJ00D DI¥NLOFTH TTIONIWAS
STTAWYS dWNd NOIMNYIJOAHIHEOI

(ponuT3uoD) Z-¥ FI9VIL




ST ¥ oYz STe105

- ov-z

- sraxeT
- - - - aTTURAND
- - 3TNpY

- swvaIeT
- oTTUDAND
- 3Tnpy

| : - - - - - sraTeT
- q¢-0¢ - LL-z - - - - aTTUSAT
- TinpyY

| 1 | 1 - - - seAX ST
= aTTUBANL

sbby

Tayoyusboy
SN32TNOBW S93D0UTIL],

Aqob umoT)
snsoTnb sntqoboxoTy

Aqob peyen
TOSOq BWOSOTOH

ID}POID DTIUBTIV

- - - - SRATR]
- SE~-0¢E - 8¢°1 - - - . - aTTUdANN
- - - - - - - - IR
(uur) e  (UM1) OPOW (1) UH mﬂmmmmﬂmm (WX (o) opoN  (WH) Wi w0t/ on abe3g
. - ——— < 91T
¢W 62°CL *POTAURS sumToA , W 59 Ty poTdwes swnToA FTI

3

g @3eOTTdoy TN s T Tey
6L6T ‘6 HOUVW ‘IHOIN
JIOHS WO¥d (W L°G¥) 1994 OST
¥ 30a19d300
YAIgoTd ‘¥IsI¥ SNHOL °IS
IATIVEII00D DIMIOTTH HTONIWIS
LAN QITS NOIMNYIdOAHIHDI

€~V dT9VYL

r
[
Foseid
¥
Y

- - - 3TNPY  snjeinpun uobodoxoTy

Tirbentg
SNATYSOAORW S TUOdeT

uoxeq,

ren
]

A-18




oeAxRT
STTusAnp Iojoyosboy
ITNPY SNIBTNORW SB3D0UTI],

oRAIRT

TTUSAND Aqob umoT)
ITNPY  snsoinb sntqoboioty

sSeAxe]
ATINIIYD ENON : ‘ STTuUSANg Aqob pasen
1TNpY TOSOq BWOSOTQOD N
<
orvAIeT
aTTUsanp I9YROID DT3URTIY

3TOPY  snaeTnpun uobodoxoTy

~ ®eAJeT
STTUSAND TTthbentg
ITNpY sSnatysoxoew stwods

(ww) Xel  (ww)epoy (umwr) UTR ¢UO0T/ON  (um)Xe[ (uw)Spoy (um) UTR (UOOT/ON °be3s uoxey,

mﬁq
mE mm.NH"@mHmEMmmE:Ho> mE €Z2°pT :poTdWeS sumyoA 3T

g @3eoTTday 174 mumoﬁammm

6L6T ‘6 HDOUVW ‘IHOIN
HYOHS WOMd (W 2°9L) IddI 0SZ
¥ ¥0QINM0D
¥AI¥0Td ‘¥IAIY SNHOL °IS
dATILYEEJ00D DIMIOITH TTONIWHS
DN QIS NOIMNYTIJdOAHLHDI

(pPenuUT3UGD) €-v FTEVL




ANLAYD INON

seaxe]
oITULANnp
ITOPY

srATRT
aTTUSANpD
3InpPY

oeAIERT
STTUSANp
1T0pY

seATeT
aTTUBANpD
ITNpY

aeaxeT
aTTUSANp
ITnpy

() Xe  (ww) 9poy  (wmwI) UTH mEooa\.oz

ULl ipoTdurs sumTop

(W) Xely  (uw)Spoy  (uw) UTH woQT/ " ON

€
mE T¢ €y :poaTdues swnyop

g 93eoTTdoy

¥ 93eot1doy

6L6T ‘¢T HDYWYW ‘Ava
JIOHS WO¥d (W L°90T) Iddd 0S¢
v ¥ ¥0aIvdod
VAINOTd ‘¥IAIM SNHOL IS
dATLYIEJ00D DIMILOATH TIONIWIS
LAN QITS NOIMNVIJOAHLHDT

(PPnUTIUOD) ¢~y qIYT

abeag
SFTT

S
S

Iayoysboy
Sn3eTNORW S8308UTA]

Aqob umotn
snsoTnb snrqoboioty

Aqob pesen
TOsoq eWOSOTqODH

I33ROJID DT3URTRY

snieTnpun uobodoxoTy

TitbanTtg
SnATYsoxdRW sTWOdarq

uoxeq,

1.

(V]
1

<




61°¢ 88°¢C STe30

- SBATR]
- - - - aTTuUSANnp Ioyouyshoy
- - 3INPY  SN3eTNOPW SO305UTAL

- - SRATIRT

- - aTTUsL AN ) Aqob umoT)
- ITNPY  snsoTnb snrtqoboxoTn

- aeaxe]
B - - - - - - - aTTUSANL Aqob @mxmz o~
N _ - - - - - - 3INpY TOSO( PWOSOTHON o
<z
_ _ - - - - - - oeaxerT
06-C¥% - Sv-0% 61°¢ SE-0€ - 0€-5¢ 88°C aTTUdANL IDYPOID OTRUERTIY

- - 3T0pY  snieTnpun uobodoaoTy

- - ovAIRT
- - - - aTTUDAN TITTbeontg
- - 3TNpY snatysoxorw stwoderq

(umn) ey (uwr) SPOW  (WuI) UTK mEooa\.oz (um) Xe  (uw) 9poR (W) UTW mEooa\.oz sbens uoxeq,
; DJTT
u pLtz9 PeTdwes sumop U €769 poTdues sumiop 3
£

g @3eoT1Tday 9 muMOHHmwm

6L6T ‘6 HDIYW ‘IHODIN
JYOHS WOd4 (W L°90T) IdAI OSE
, ¥ ¥04Iyy0oD
YAI¥OTd “¥IAIY SNHOL °IS
JATLVIEJO0D JIVIDIATH TATONIWIS
LEAN JETS NOIMNYIJOAHIHOT

(PeNUT3UOD) €-¥ HATAVIL

Ty gy . [




orATE]
aTTUSAND Tayoydsoboy
3TNPY  SN3IBTNOBW S3309UTIL]

aevareT

aTTUSANL . Aqob umoTd
3TNPY snsoTnb snrgoboadTR

oeAxe]
QI¥NLAYD INON oTTUSANL Aqob payeN o
3TNpY TOSOQ BWOSOTAOD o
<
ovATe]
aTTUDANL IDYEOID OTIURTAV

ITNPY  snjeTnpun uobodoadTl

oeATRT
oTTUS AN T1tbontg
ITNPY  SNIATYOOIDew sTwoder
(uw) XeW  (ww) opoW (W) UTH mEOOA\.oz (wwr) el (ww) PO (W) UTKW mEooa\.oz sbejs uoxeq,
83T
¢W OL"LE :paTdues sumToA (U vLoLE ‘paTdwes sumToA 371

g 93voT1T1day ¥ o3eotTdoy

6L6T ‘2T HOUYW ‘Av¥d
IYOHS WO¥d (% ZST) Iddd 00§
¥ JOdI¥doD
¥YAI¥0T1d ‘¥IAIY SNHOL IS
JATLYII00D DIWIDHTA HIONIWHS
IAN d3IS NOLMNYIJOXHIHOI

(pPNUT3UOD) £-Y ATAVL




0v-8 00°0 sTe30]

- - QrvAJe]

= gE-0¢ - LS9 - - - - oTTulang aaxoysboy

- ITNPY  SNIRTNOPW So300UTI]

- - - - seATeT

- - aTTUSADD . Aqob umotn
- 3INPY SnsoTnb sntqoboroTy

- - aeaxe]
_ - - - - - - - aITUDATL Aqob poyen -
_ _ - - - - - - IT0PY TOSO BUOSOTOD i
<
- - - - S seaxey
H O¢Hmm H €8 1 a _ - - maﬂcw>9b ISYe0ID DTIULTIV

- - - ITNPY  snaeInpun uobodoioTy

- - - seaxeT
- - - - aTTusANn, . Titbontg
- - - " 3Tnpy SNATYD0IDeW SsTwodsT

(m)sce  (Wn)spo (WHUTH  WOOT/°ON  (W)XeW (W) opoW (W) UiM

wOOT/*ON obeasg uoxe],

£ Chaay)

mE 9/ %S :pesTdues sumtop W Tz GT :poTdWwes swniop

€

g o3eotTTday ¥ @3eot1dey

6L6T ‘6 HBOIYW ‘IHOIN
HJOHS WO¥d (W #°ZST) Iddd 00§
¥ ¥0aIvdod
VYAI¥OTd ‘¥IAIY SNHOL °IS
FAILYIEAO0D OI¥IDITH TIONIWHS
LAN QHETS NOIMNYIJOXHIHDI

(PONUTIUOD) €-¥ =TAVI




TINLAYD HNON

(u) xe  (uwu) 9poW (W) UTH mEOOA\.oz (umu) xe  (unt) OPON  (UMI) UTH mEOOﬁ\.oz
W GG 06 poTdwes SWnTOA mE 6Z €z :poTdues SwWNioOA
€
g oa3eorrdod ¥ 93eoTTdoy
6461 ‘2T HOYYW ‘ANd
TJIOHS WO¥A (W ¥-€12) &LIFA 00L
¥ H00IYa0D
¥YardoTd ‘¥IAI¥ SNHOL °IS

HAATLYIEJO0D DIYLOITI HIONIWAS
LIN dITS NOIMNYIJOAHLHOIL

(ponuTlUOD) €-Y¥ HIdVYL

seaxe]
aTTUBAND
ITNPY

seAIeR]
aTTUDANL
3TNPY

srATE]
aTTUDATID
3TNPY

2eATR]
a1TUdANL
ITNPY

aeAxeT
aTTUDADL
3TNPY

obeas
9311

-

Soowesd

Ioy0ousHoy
sn}eTnNORW S8309UTL]

Kqob umoTd
snsoTnb snrgoboxdty

KRqob payen
10S0Q BWOSOTICOD

I93ROID OTIURTIY
snaeTnpun uocbodoIdTR

TTthontd

snITYD20IDBeW STwoda]

uoxe],

A-25




ATINLAYD INON

seaxe]
aTTUSANL
3TINPY

orAIR]
aTTUSAND
3TNPY

PeAXET]
aTTUBANL
3T0pY

seAxerq
aTTURBANL
3TNPY

areaxe]
aTTULANnp
ITOPY

(umur) Xew

() opow

(uru) uTH mEooa\.oz

(uur) Xew (W) OPOW  (UW) UTW _WQQT/'ON

€

€

w g ¥y

:poaTdues SuUMTOA

w9 IT

c :poTdurs sumTop

g @3eoTIday

¥ o3eoTTdey

6L6T ‘6 HOUYW ‘IHOIN
HIOHS WO¥A (W $°€T¢) Iddd .00L
¥ ¥OaIwmIod
¥AI¥oTd ‘¥IAIE SNHOL IS
JATIVIEJO0D JIVIOFTH TTIONIWTS
IEN gd7IS NOIMNYIdOAHIHOI
(penuTiuUOD) £~Y ATAVIL

abe3as
9ITI

Jayousboy

SN3eTnoORW sa8jld SUTAL,

Aqob umoTd
snsoTnb snTqoboioT

Aqob payeN

TO0SOq BWOSOTAODH

IDYPOID DIJURTIV

snaeTnpun uobodoaoTy

Titbentg
snxtydsoxoew stwodoT

UOX®e,

A-26

Ty



aENLAYD INON

(unu) xe  (umn) SPOW (W) UTK mEooa\.oz (u) Xe (W) 9poW  (UMI) UTH msooa\.oz
¢ TzoT  PeTdues sumtop cW Op €T (PoTdWes sumToA
g o3eot1day ¥ 93ed1Tday
6L6T ‘T HOYVKW ‘ZX¥d

HYOHS WOMd (W €°9LZ) LTI 006
¥ d0aIvyod
YAIYOTd ‘¥HATY SNHOL °IS
FATLYYAJ00D DJIYLOETH TIONIWAS
LAN gdIS NOIMNYIJOAHIHOI
(PenuTaUOD) €£-¥ ITIAYIL

oraze]
sTTUSLANL
3TnpY

aeAxer
aTTuUsANL
ITnpy

aeATE]
aTTuULANp
E3R23%)4

seATRT
oTTURANL
ITNPY

aeATeT
aTTUDANL
ITNPY

abeas
S3ITT

xoyoyusboy
SNIBTNORW SO3D3UTILL

Aqob umoTd
snsoTnb snTqoboIOTH

Aqob payen
TOSOQ BWOSOTODH

A-27

I9R0ID DTIURTIV

sniernpun uobodoxdTy

TTItbontg
SNITYD0IDRW STwodsy

uoxe(,



THINLAYD INON

(wu) xey

(uur) o pow

(unr) UTR

€

wOQT/°ON

seaxey
oTTUDANDD
TPV

arATET
aTTUBAND
ITNPY

seAleT]
aTTUDANL
ITNpY

seAxe]
STTUsAnp
ITOPY

araxeT
aTTUS AN
3T0pY

(ww) Xel  (unl) 9pPOol  (umu) UTW mﬁooa\.oz

£

wzg*ge

:pordues sumTop

WweET S

c ipeTdwes sumTop

g @3eoT1dey

¥ °o3evotTdoy

6467 ‘6 HOYVW ‘IHOIN
HIOHS WO¥d (W €°9L2) I1dFd 006
¥ ¥0qIavon
YAINOTId ‘¥AAIY SNHOL °IS
IATLYIHEIO0D JIMIOHATE HTONIWES
AN QFIS NOIMNVIAOAHIHOI

(peuT3UOD) €-¥ ATIVYIL

Y,
.

abeag
9FTT

IasoudhHoy
SN}eInoru $©309UTI],

Agob umotd
snsoTnb snrqoboroty

Kqob poywen
TOS0g BWOSOTHOS

ID}POID DTIULTIV

snjeTnpun ucbodoioTy

TTtbentg
SNITYDOIDORW STWOda]

uox®el,

[e0)

[9N]
]

<




AIINLAYD HNON

sTe30Y

oeATE]
aTTUSAnD
3T0PY

JEAXTT
?TTUDAND
ITNPY

ovaxer
aTTUDAND
3TNPY

ovAIERT
aTTUSAND
3TNpY

avATeT]
aTTULAND
TPy

seaxer
2T TUDAND
ATOPY

() Xey

{uu) apow

() UTH mEooa\.oz

() xep

(W) SPoW (wur) uTW mﬁooa\.oz °be3g

€

u $9°¢0T

tpoTdwes aumToA

mE £€8°221

93711
‘poTdurs aunToA

g 03e0TTdoy

HMIOHS WOo¥d (W Z°9L)

¥ ozeoTTdOy -

6L6T ‘TT HOUVW ‘AvYa
LH9d 0G¢Z
¥ WOAIMI0D

YAINOTI ‘MIAIY SNHOL °IS
JATLVYEJ00D DIYLOATT HTIONIWIS
SMOL LIN NOLMNYIJOXHIHOI

V-¥ dT9YL

P, g P
£ : : B

I9ROID DTIUBRTIY
snjeTnpun ucbodoxoTy

mwﬂwum>Aﬁw JI23eMIpPTy,
RUTTTAIDQ eIPTUSK

USTITITTY Ioremurey
- eaxed etueong

Aaoyoue Keg .
TTTTYLITW eoyduUy &

peys pIezzio
wnuetpadsd BWOSOIOQ

T uedTIDWY
BlRIZSOX eITInbuy

uoxey,

ey

Ead



QIINLAVD HNON

sTe305

SRAIET
STTuLAnD ISYLOID OTIURTIV
ITOPY  snaenpun uobodoxoTy
JPATET]

DTTUOANS SPTSIASATIS I53emMOpT]

(uu) xey (W) OpPOW (W) UTW mEooa\.oz

(M) XeR  (WW)SpoR (W) OTW .

WOOT/ " ON

€

w 8z Te POTdWRS QUMTOA

mE 80798 ‘POTdWRS SUNTOA

€ 03edTTdoy

¥ o3eotrTdoy -

6L6T ‘1T HOYVW ‘Ava

HJUOHS WOMd (W £°90T) I3dd OS¢
_ ¥ ¥0gQIvvIon

YAI¥OTI ‘MIAIY SNHOL °IS
JAILVIEG00D JIVIOATT TIONIWIS
SMOL LAN NOLMNVTIJOXHIHOI

(PeNUTIUOD) -y FTGVL

3ITNPY BUTTTAIS] BIPTUSH
ovaxen

oTTusAny USTITITTY Xs3emutrey
I3TOPY - eaTed ®BTURONT
dvAIe]

STTUSANL Anoyoue Keg
3ITNPY TTTITUDSITW eBOYDUY
2veAxeT

TTULAND PRUS pPIRZZT9
ATNPY unueTpadad 2WOS0I0Q
2rAIRT

aTTUDAND 199 uedTIDWY
2 TNPY : BleI3sox ellInbuy
2beag UoXReJ,
93T

A-31




6L°¢€ 25°8 STel30y
- - - = - 52-02 - v8°¢C seAxeT]
0€-g¢ = §Z-0¢ €0°¢ - - - - aTTUSANp
- - - - - - - - 3TNpY
_ - _ - - - - - ovAIRT
_ - - - - - - - aTTusAng
- - - - - - - - 3TNpY
- - - - - - - - 2vATeT
- - - - - - - - aTTuaanp
- - - - - - - - 3TNPY
- - - - - 52-0¢2 - £1°¢ deAzET]
_ - - - - - - - aTTUSANL
_ - - - - - - - 3TNpY
_ - - - - - - - orAXeRT
- - - - - - - - STTUDAND
- - - - - - - - 3TNPY
- - - - - - - - 2vAxeT
- ZS - 9L°0 6S - 145 GG ¢ aTTURAND
- - - - B - - - ATOPY
(wu)Xew  (wu) 9pOW  (unw) UTW mEOOH\.oz (W) Xew  (ww)opoy (W) UTH maooa\.oz mmmwm
FT
U E07ZET rpaTdues sumToA U T6707T TpOTAWeS SUNTOA
g 03eoTydoy ¥ ojeoTTdoy -
6L6T ‘ZT HOWYW ‘IHODIN
HMIOHS WOMd (W £°90T) IFEI 0SE
¥ ¥04Ivyod
YAINOTId ‘MIAIY SNHOL °IS
IATIVIEJ00D QIMIDATIT FTONTWIS
SMOL IAEN NOLMNVIJOXHIHOTI
(PeNUTIUOD) H-¥ FTIAYL
3 ¢ IR TR

IDYBOID DTIURTIV
snjenpun uobodoidTy

mvﬂwum>aﬁm JI23BeMOPTL
PUTTTAISq BTPTUSH

USTITTTTY ao3emurey
evaxed eTURONT]

Anoyoue Keg
TITTYS3TW BOYDUY 1

32

A

peUS paRZZIH
unueTpaded BUOSOIOJ

199 ueoTIBUY
BlRI3S0I eTTInbuy

uoxXeJ,

sz




0€-G2

SO°T

S0°1

00°0

sTe30l

seaxe]
3TTUsAnp
ITNPY

seAxer
aTTUDAND
ITNPY

oeATRT
2T TUDAND
ITOPY

oeAIRT
9T TULANp
ATNPY

~ 9eAxeT
STTUDAND
3TnpY

avATRT
aTTUDANL
ITNPY

(uu) Xepn

(wu) apon

(w) UTW

€

wooT/  ON

() e

(W) 5poN

() UTH

£

WOOT/ *ON

E .
c ST°G6

tpotdues aumTop

€

w 8£°86

tpoTdwes sumTOoA

g 03eoTTcdoy

¥ O3eoTTdoy -

6L6T ‘TT HOYYW ‘Avd

HIOHS WOdd (W #°2ST) LEEA 00§

¥ ¥0aIayoo

YAIYOTI ‘MIATY SNHOL °XS
JATLYYIA00D DINIOITI FTONIWIS
SMOL LIN NOIMNYTIJOXHIHOI

(pPnUTIUCD) P-¥ HAIgVIL

2beag
2FTT

I9YP0ID OTURTIY

snjernpun uobodoxoTi

OPTSIBATTS I97BMOPTI

PUTTTAISQ BTPTUSH

USTITTTTY Iojemutey

Anoyosue Keg

esaxed erTueOnT

TTTTUSITW BOUDUY

A-33

PeYS pIRZZTH

EﬂCMHWGQGU BUWOSOIOJQ

To® urdTIBWY

BIRIZSOI vITTInbUY




§¢~-0¢

[4 20"

- TL°0

0€~-Gg¢

5¢-0¢

Sv-0ov

S¢-0¢

00°¢€

G¢t¢

sTe30L

seAxeT]
aTTUDAND
ITNPY

2eAXERT
aTTUDAND
3TNpY

orAIRT
aTTUDADD
ITOPY

svATeT
aTTUBAND
ITNRY

orAIeT
AT TUDANL
ATNPY

ovAxeT
aTTUDAND
3TNPY

(uu) Xe  (WWI)opON (W) UTH mEooa\.oz

() %o

(W) Spo

(ur) Ut

€

woQ1/°ON

€

W 62 °0VT

tpoTdwes sumTop

€

W GE el ‘poTdwes aumToA

g o3eotydoy

¥ O3eoTTdoy

6L6T ’‘ZT HOUYW ‘IHOIN

d90HS WOMd (W $°2ST) 1dZd 00§
¥ ¥oqINI0D

YAI¥OTI ‘MIAIY SNHOL °IS
JAILYYIJ00D JINIDATT ATIONIWIS

SMOL LAN NOILMNVIJOXHIHOI

(pPoNUTIUOD) -y ATAVL

9beag
93711

Vel

I9YROID DTIURTAY
snjeTnpun uobodoadTy

ODTSABATIS X93BMODPTIL
BUTTTAIS] BIPTUSH

USTITTTTY Jo3RMUTRY
eazed eTuURDN]

Kaoyoue Keg
TTTTUYD3ITW eoydUY

PeUS pIezzIo
umueTpadad ®BWOSOIOQ

T9® ueoTIBWY
B3RI1S0X BTTINnbuy

uoxeg,

A-34



QEINLAYD HNON

sTe30L

aeAxel
aTTUSANL
ITOPY

2VAXRT
9TTUSAND
ITOpY

orATERT
aTTUDANpD
3INpPY

ovAxeT]
aTTURATL
ITPY

seaxey
aTTUDAND
ATnPY

svAIR]
aTTUDAND
3TnpY

(mn)xeq (W)opoW (WMM)UTH  WOOT/°ON (W) XeW (W)opoR (W) UTH 2007/ oN

€

w T 00T :POTdwes aumTop

U 8% 796 1 pOTdWeS SWNTOA

g ozeotrdoy

¥ ojzeoTTdoy -

6L6T ‘TIT HOMYW ‘AYd
HYOHS WO¥4d (W P-£€TI¢) Id3d 00L
¥ ¥0QIwv0oD

YAI¥NOTI ‘UIAIY SNHOL °IS
JATLVYEA00D JIYIOATI HTONIWIS
SMOL LanN NOLMNVIJOAHIHOI

(PPNUTIUOD) ¥-¥ FIGYL

G
1

obeag
9IT1

bd
o

ISYROID DOTIULTIY
snaeTnpun uobodoxdoTy

SPTSISATIS I9IBMOPTL
PUTTTAI®] BTPTUSH

USTITITTY Iojemutey
eaxed eTURONT

Kaoyoue Keg
TTTITUS3ITW BOYDUY

PeUS pIRZZID
unuetpadsd rPWOSOIOQ

Te® urOLTIDWY

BlRI3S0x eITInbuy

uoxeJ,

e

3
o
ket

A-35




T€°9 . sE"¢ STe30%L

0£-62 0€-62 5Z-02 v6°¢ - §¢-0¢ - se°z drvAIe]
_ - - - - - - - aTTUSAND I9YPOID DTIULTIV
- - - - - - - - ITNPY snayeTnpun uobodoadTy 3
<
- _ - - - - - - orATET
B - - - - - - - aTTUDANL _ KRaoyoue Aeg
L9 - ov-G¢ 8S°1T LT - - B " aTnpy TTTTUSITU BOYDUY
- 0€-62 - 6L°0 - - - _ - arATRT
- - - = - - - - STTULANL Uapeyual OTIURTIV
- - _ - - - - - - ITNPY  Snuueika ©T1i100ASIg
(uu) Xe  (URI) OPOW  (Ww) UTH mEooa\.oz () Xel  (Ww) 9poy (W) UTH m&ooa\.oz mmmum uoxe],
83T
¢ 6L79TT ipoTdwes sumToA U S8TLTT tpoTdwes ountop

g Oj3vrotTdoy . v o3eatTddoy

6L6T ‘2T HOUVW ‘IHODIN
HY0HS WO¥d (W ¥ €TZ) I43d 00L
¥ yoaIiwmiod
VAIYOTI ‘MIAIY SNHOL °JS
JATIWVIZJ00D DIMIOAIE FTIONTRAS
SMOL ILAN NOIMNYIJOAHIHOI

(penuTiluoD) H-V HTIIYL

Y

b
Lod
1
I
Yo

B




oL"¢E

0£-52 - 0Z-ST ze e

0€-G2

0v-av

Sy-0%

Gg-0¢

gg°¢e

(AT ANN

s3I0l

2eAIRT
aTTUDAND
ITNPY

DevATRT
aTTUDAND
ITUpY

avaxeT
aTTUDAND
3ITNpY

(uu) Xe (i) OpoW  (uni) UTRW mEooa\.oz

() XeW  (Wd) opoW () UTR

WOOT/ *ON

(ET SET ipoTdues SumToA

™ :
€ LS OPT

tpoTdwes sWUNTOA

g ozeotIdoy

6L6T1

v o3eotTcdoy

‘2T HO¥YKW ‘IHOIN

(IDYIINS) TMOHS WOdd (W €°¥LZ) IIII 006
¥ ¥oaIwIoD

YAI¥YOTI ‘MIAIY SNHOL °IS

JATIVYIJO0D DIMIOITIT FTONIWIS

SMOL LAN NOIMNYTIJOAHLHOI

(penuT3uoD) P~V FIGVL

obeag
9311

S
sl

I9YLOID DTIUCTIV

snyeTnpun uocbodoionty

Anoyoue Aeg

A-38

TTITYOITU eoyduy

 USpRYUSW DTIURTIV

snuueIAl BT}I00ADIY

uoxXer

Yt



AANLAYD INCON

svAxeT]
aTTURAND
ITNpyY

ovAxeT
aTTUDAND
2TNpY

avAteT
3TTUDAND
ITNPY

(unu) Xep

(uur) @pow  (wwr) UTW U001/ 0N

(W) Xey (ww)opon  (wd) UTR

w ‘0
¢ 001/ °©oN

1poTdues aumyop

‘paTdues awnToA

g o3eotidoy

v upaoﬂaaom

mhmﬁ ‘TT HO¥YW ‘AvYd

Amemmo ~AIK) HYOHS WO¥d (W ¢°§rz) LA 006

¥ ¥OQI¥MoD

VAINOTI ‘YIATIH SNHOL *3S

IATIVYIIO0D JIMIDATT FTONIWIS

SMOL LIN NOIMNYTJOAHIHOI

(PenuT3UOD) H-v FTAVI

Vgl

]

obeyg
9311

IIYROID DTFULTIY

S

sn3ernpun ucbodoasTy

A-39

Aaoyosue Keg
TTTTYO3TW eOYDUY

_ uspRyusSW OoTjURTIY

sSnuueIi} BIJIOCASIg

uoxe[,



T0°7%

26°S
- SE~-0¢€ - 08°0 - - - -
- - - - - 0€-6¢ - 2z e
- - - - S¥-0% SE-0€ Ge-0€ oL"€
€S 0p-GE - Ob-SE 52 - - - -
- 0£-62 - 08°0 - - - -
(unr) xey  (Ww) 9poW (W) UTKW mEooa\.oz (wur) Xe  (ww) @po (W) UTH mEooa\.oz
vy el TpoTdweS 2WnToA W 86 pET  DOTGWES SWNTOA

€

g o3eoTTdoy

v ojvotTdoy

6L6T ‘ZT HONVH ‘IHOIN

(HIAFGa-AIW) HHO0HS WOdd (W € pLg) LEIL 006

¥ YOaIwyod
YAINOTA ‘HAIAIY SNHOL °J4S

FATIWVIIJO0D DJIVLOITI ITONIWIS

SMOIL IAN NOLMNVIJOAHLHOT

(ponuTiluoy) P-¥ dTLYL

STe10L

oeAxRT
aTTuURANL
3TNPY

seATeT]
aTTULANL
T 3InpY

seAeT
2TTUDANL
ITOPY

obeasg
231l

I9YROID DTIURTIV

snaeInpun uocbodoId TR

Kaoyoue Aeg

A-40

TTTTUDITU BOUDUY

| uspeyuaW DTIURTIY

SNUURILA]} BIJI00ADIL

UOoXRe(],



UOTITPUOD

Xag

JEANLIYD EINON

(wb) 3ybToM

(wu) yabueg

WNIP I93BMUSOII

suatTuunIb snjoutpotdy

YUsTIuns Ieopsy
snydoToastu stwodeT

TTthbontg

SNITYDOIDRW STwods]

YSTFIed 93TyUM

SNJED SNANTE}0T

PBUS uTIpesiyy
dsuausiad BWOSOIO(J

PeRUS PIRZZTH
umueTpadsd 'WOS0I0J

butaxsy soeqentg
STTRATISO®R BSOTY

xeb asoubuoT
SN9SSO ‘'snelsosTda]

so1oadg

JHOHS WO¥A (W §°T6) LAAL 00€

6L6T ‘1€ HOUYW ’AYA

e
Y 40aIdd0d

YaI¥0oTd ‘¥IAIY SNHOL °IS
IATIVYEO0D DIVLOETd dTONIWAS

NOILOHTTIOD HSIJ IINAY
S-Y "T9YL

LIN dOOH

Said

L)
L

A-41



sanoy gl :auwWT3 AeoSs

ISPUNOTI UIBYANOS
ewbrisoylsT sAyjyorieied

3oTTnw padtazs
snTeydsd TIbny

I2YROIO OTIURTAY
snyeTnpun uobodoxsty

UOT}TPUOD Xas . (wb) aybTeom (uz) yazbuesg saToads

(penUT3IUOCD) G-Y¥ ATAYL

<
enct
<
j
(=
<
’
i
Swoid
s

A-42

Sk



QIINLAYD ENON

WunIp I93eMyssiy
suaTuunzb snjourpoTdy

UsSTIuns Iespay
snydoToxntu stwodeT

T1thentg

SnaTYcoIDew stwods]

YSTIFLd 23TyUM
SNJ3eD SNIANTe30T

PeUS UTIpesIyy
9suauejad BWOSOIO(]

PRYUS PIRZZTH
unuetTpadad BUWOSCIO]

butazsy syoeqentg
STTRATISO® BSOTY

Ieb ssoubuorg
SN8SS0 ‘Snejlsostde]

¥ YOQIWIO0D
¥AI¥OTd ‘¥TAIY SNHOL °IS
JATLYYIJ00D JIYLDATA ATONIWES
NOILOATIOD HSIA I7Inav

(PeNUTIUOD) G-y FIgVI

UOT3TPUOD xasg (ub) 3uybToM (uu) yzbusg soToads
6L6T ‘1€ HDIVW ‘A¥YA
dJOHS WOdJd (W £°prz) LIFIA 006 sm LIN dOOH

o)
S
<C




UOT3TPUOD

Xog

(wb) 3ybTtem

(umr) y3busy

sInoy g1 :awtl xmomm

ISpUNoTI UISYINOS
ewbTasoyasT sAyrydTleARd

JoTTnw padrtass
snTeydsd TTbhny

I93ROID OTIUERTAY

snjeTnpun uobodoxdTy

satoads

(peNUT3UOD) §-¥ TTLIYL

A-44

[



UOT3TPUOD

QIINLAYD HNON

Xag (ub) aybrteom (uw) yabuog

UNIP I93eMyUsSoIg
suaTuunIb snjoutrpotdy

YsTjuns Iespoy
snydoToaoTu stwode]

TTtbantg
SNITYOSOIO®RU STWOodDaT

YsTI3eo o3TuM
sSn3eo SNANTe30T

PBUS UTIpeaayy
asusausjed vWOSOIOQ

PeYs pIezzio
umueTpadad 'WosoIog

butaxey yoeqeontg
STIRATISO® ®SOTY

Ieb ssoubuoT

SN2S50 'SN93s0STda]

saT1oads

6L6T ‘T 1I¥dAY ‘Av¥a-
HY0HS WO¥d (W §°T6) IIAL 00€ /o AN dOOH
¥ ¥OogqIwyod
YAI¥OTd ‘¥IATY SNHOL °IS
HATIVIIJ00D JIMIODTTH ITONIWAS
NOILDATIOD HSIJ IINAv

(PONUTIUOD) G-y FTaYT

A-45




UOTITPUOD

X8

(ub) 3ybrom

(wz) yzbusT

A-46

sanoy gl :ewTa eos

JI9PUNOTI UISYINOS
rwbTISOUIST SAUIYDTITRIRG

3oTTnW padrals
snTeydeo TTHOR

I93ROXD DTIURTIV
snayeTnpun uobodoadTy

saToods

(penuT3iuOo)) G-¥ ATAVYL

i

ey

Yo
o
it
[N



UOTITPUOD

Xag

AINLAYO HNON

(Wb) 3ubTeM

(wur) yabusa

unIp Isjemysaty
susTuunab snjourpoidy

ystyuns xespay
snydoToaotuw stwodaT

TTTbontd
SNITYSoIDRW sTwods T

YSTIIRD 93TUM
SN3eD SNINTEe30T

PeUS UTIpesaayl
9suausjad rWOSOIOJ

PeyUsS pIezZzZIH
unueTpadad BWOSOIOQJ

butxasy oeqgsantg
STTPAT}SOR BSOTY

aeb osoubuor
SNSSSO sna3sostide]

soToads

JYCHS WOo¥d (W °T6) LAZL 00€’

6461 ‘T TINdY ‘IHODIN
e
¥ ¥0aIwydod
¥aId0Ta ‘¥HEAIN SNHOL °IS
HATIVEEAO0D JIVIDYTIH FTIONIWAS
NOILOITIOO HSIJL IINAY

(penuT3UOD) G-V HIIYL

LAN dOOH

A-47



UOT3TPUOD

Xo8

A-48

SINOY g1 :SWTF HPOS

IspunoTI uxayanos
rwbTISOUIDT SAUlyYoITRIRd

 3oTTnu padiass
snTeydso TTbny

I93ROID OTIUETIV
snjeTnpun uocbodoIoTy

(ub) 3ubToM (uay y3zbusg soTo9ds

(penuT3uo)) §-¥ TTHYL

P —

carst
St



UOTITPUOD

QHaINLAYD INON

X985 (wb) 3JubTOM

UNIP X23emMyssrg

(uw) yabusrg

susTUUNIb snjourpordy

ystuns xeapay
snydoToaotw stwodaT

TTtbentd
snatydsoIoew stwodaT

YSTIIRO 93TUM
SN3}ed SnIANTe3oT

PBYS UuTypesayry
@sususyad BWOSOIOQ

PRUS DPIRZZTH
unuetpedsd PWOSOIOJ

butaxsy yoeqgentd
STTBATIS9® BSOTY

xeb asoubuory
SNBSS0 'SN2350STAaT

saToadg

6L6T ‘T TI4dY *‘AN¥dA
TIOHS WO¥d (W €°%LZ) I3dd 006 ‘. IEN dOOH

14
¥ 30dIvd00
VaI¥NOTd ‘¥IAIY SNHOL °IS
AATLVYIJCOD DIMIDETH JTONIWES

NOILDATIOD HSIA I1INaY¥
(PONUTIUOD) =Y HTLVL

A-49



A-50

SINOY gT  :BWTH EOS

ISPUNOTI UIDYINOS
ewbTisoyzsT sAyayorieaed

397U padTals
snteydos Tibny

I9NROID DTFUBTIY
snjeTnpun uobodoxoTy

uoTIIPUOD XoS ' (wb) auybToM (umr) yzbuod sotoads

(ponuTiluUOD) S-Y¥ ATHYVL

Sined
e
e



: n
OHH 3TNPY

UOTITPUOD

oTews g Loc 12

PER) (ub) 3ybTeoMm (uwur) yzbuo

UnIp I93eMUsaIg

.mamﬁccsum snyoutpotdy

YsSTIuns ieopay

snydoToxotw stwode]

TIthentg

SNATUDOIDBW sTwods]

YSTI3ed 93TuM
SN3ed sSnaANTe3lo]

pRYS uTIpesiyl
WWQQGQ“GQ BUOSOIOCJ

peys pIeZZIoH

umueTpedso BWOSOIOQ

butxxsy oegsntg
STTRATISOR BSOTY

aeb osoubuort
SN3sSsO snajsosTde]

sat1ovdg

6L6T ‘T TII¥dY ‘IHOIN
HMOHS WOdd (W €°¥L2) IdIA 006 ~Q.memz dOOH
¥ ¥0qIT¥o0
¥aI¥0Td ‘¥YIAIY SNHOL °IS
HIAILVEIJO0D DI¥LDATH ITONIWIS
NOILOITIOO HSIJA I1Inav

(ponuTtluo)) ¢-¥ AT9VL

il

A-51



UOT3ITPUC)

Xos

€96T ‘AYSTOXTIN I93J° UOTITPUOD TEOXIS JO cOHumonHmmmHUo

S9YST3 Ou pepTeaTh burTdwes jsu dooy I9Yyjo 1TV
q

sInoy g1 :owTa Aeos

IBPUNOTI UIDYINOS
ewbTisoylsT sAyaydstreieq

387w padraag
snieydoo T1buy

IDHROID OTIUETIV
snayenpun uobodoxoTy

(ub) 3uyBTopM () y3zbueT soTodds

(peNUTIUOD) G-¥ FTLVL

W

A-52

T



UOTJTPUOD

dqINLdYD INON

e (wb) ybToMm

(uw) y3zbuag

unIp I93eMUSOII
suatuunib snjoutpordy

YUstIuns xeopsy
snydoToaoTw sTwodsT

TT1tbontg
snatysoxoeu stwodeT

YSTI3eo °3TyM
snjed SNANTR3OT

beUS urIypeaayy
esusualed wwosoioqg

pPeys paezzro
umueTpadsd rWOSOIOq

mﬁﬁunma }oeqgantg
STTRATISO® ®SOTY

aeb ssoubuor
SNOSSO ‘snejlsosIde]

saT1oadg

6L6T ‘T "II¥dY ‘IHOIN

J90HS WOdd (W §°16) Lddd 00€
¥ ¥0aIvy0oD

I3

=4

LIN dOOH

VAI¥OTd ‘¥IAIY SNHOL °IS

HAILVYIIO0D JI¥IOHTH dTIONINIS

NOILDITIOD HSIA ITINav

(poNUTIUOD) G-V ATdYL

Nush

Neand
P

A-53

)

Mo b el A



UOT3TPUCD

X238

(ub) 3ybToM (unr)  y3busg

SINOY g :2wWT3 xmomm

IPUNOTTF UABYINOS

rPWbTISOULST sAUyIyoTTRIRd
3aT T padrals
snTeydoo TIbny

I9)ROID DTIURTAY

snjetnpun uobodoxoTy

saToads

(poNUTIUOD) S-¥ ITHVL

P

A-54



UOT3TPUOD

JTENLIYD ENON

pEY (wb) a3ybtTom (umr) yabuosrg

UNIP IDYICMYSDII

suaTuuUnIb snjoutpordy

ystyuns xeopsy
snydoToxoTu stwoder

T1tbentg
snatyooadew stwoday

YSTIIed 23TuM
SNi3ed snaniye3orl

PBYS UuTIpeaayr
asususajad ewosoxog

PeUsS pIezzIo
umueTpadsd eWoOsS0I0q

butaxsy yoegenig
STTRATISO® BSOTY

Ieb ssoubuog
snasso ‘snajsostdo]

sa10adg

6L6T ‘Z TI¥dY ‘LHOIN
HJOHS WOMd (W £€°pL7) IITIL 006 .msmz dOOH

¥ ¥0dI¥Ya0D
VAI¥OTd ‘YIAIM SNHOL IS
IATILVIEI00D DIMIDITIHA ATONIWIS
NOIIDHTIOO HSIA IInav

(penuUTlUOD) S-V¥ FIGVIL

L
Lo
1
<C




UOT3TPUOD

X085

(wb) 3ubTeM (WD) yabueT

A-56

sanoy zT :awT3y xmomm

I9PUNOTI UIXDYINOS

PUHTISOUADT sAyjyosITRIRd
37T padtxas
snTeydod Trbny

I9)ROID DTIURTAY
snayernpun uochbodoxoTy

satoads

{ponutiuod) g-¥ ATEYL




II ‘3T0PY oTeweg 1% TLE
q umouun umouuf ove pee
UOT3TPUOD PEYS (ub) 3ybrom (ur) yzbue

UNIP X93eMUSOI]

susTuunab sniyoutpotdy

UsTIuns aeepay
snYdoToaoTW sTwods

ITthentg
snatyooioew stwodsT

USTII®D S3TUM
SN3eD SNANTe30T

PeUS UTFpesiyg,
9S5uUsUl] ad BUOSOI Qg

PeUS paezZZIH
umuetpades BWOSOIOQ

butazey xyoeqentg
STTRAT]ISO®R BSOTY

Ieb ssoubuorg
SNassO sna3lsostdon

sat1oads

6461 'TE HDYVKW ‘IHOIN
HIOHS WOdd (W €°¥LZ) LITd 006 ~¢Bmz TTID IOVJENS
¥ d0dIydaod
¥aIyo1a ‘¥IAIY SNHOL °IS
IATILYIIJ00D DI¥IOTTH FTONIWAS
NOILDHETIOD HSIJ I1INav

9-¥ TIdYL

A-57

[

TN



UOT3TPUOD

€96T smxmﬁoxﬂz I933® UOTITPUOD TBNXIS 3O coaumoHMHmmmaon
sanoy zT :awry xmomm

IDPUNOTI UASYINOS
rWbT3SOU3aT sAyauoTTeIRg

I9TT padtajs
snteyded TTbny

IDROID OTIULTRY
sn3eTnpun uobodoaoTy

X983 A (wb) ubtoM (ur)  y3bus so5109ds

(penutjuod) 9-y dTEYL

A-58



UOTITPUOD

P ET (wb) 3ybToM (w) yabusg

uniIp xsijemyssig

susTuunab snioutpotdy

USTIUNS Ieopsy
snydotoaoTu stwoda]

TTtbentg
SnATYDOIDRW STwods T

UYsTIaed °3TUM
SNJIeD SNANTE0T

PRUS UuTIpesiyf,
GMQ®C®U®@ RUOSOIOJO

PBUS DPIRZZTIH
umueTtpadsd rwosoxod

butaxay yoegentg
STTRATISOR BSOTY

aeb osoubuor
snasso snajsostde]

saT1o0dg

6L6T ‘T 7II¥dV¥Y ‘Avd
MIOHS WO¥A (W €°PLZ) Iddd 006 vamz TIIO HOYLANS
¥ ¥0dINyod
¥YAIYOTd ‘¥AAIY SNHOL °IS
HAILYYEJO0D DIMIDATH HTONIWIS

NOILOITIOO HSIZ IINav
(pPonuTlUOD) 9-¥ dI9YL

A-59



UoT3TPUO)

39U UT punog (¢) STwods] Us3e9-gelId dUO JO pesy

xo8 (ub) 3ybrom

(umr) yzbus

q
sanoy zT :owry yeos

A9PUnoTI uxayinosg

eubIlsoyleT sAyzydIireseq

3oTTnu padrals
snteydeo T1bny

I93P0ID DOIFURTIY

snjeTnpun uobodoxoTy

so1oads

(penuT3uoD) 9~y FIAVIL

A-60



II ‘3Tnpy

‘110
OHH ITOPY

UOTITPUOD

STeuRd 112 R
STel zee . 4052
e (wB) 3ubToM (u) yzbueg

UNIP X9jemussxyg

sustuunxb snjoutpotdy

ystJuns xeapsy
snydoioxoIiw stwodeT

TTtbontg
SNIATYLOIDBW STwods

USTIFBD °3TUM
SN3ed snanTeldl

bPeUS urypeaayr
dsuauslad BWOSOIOQ

peys pIezzTo
unueTpaded BWOSOIO(J

butaxoy yoegsnrd
STIBATIS®E BSOTY

aeb asoubuorT
SN9ss0 snajsostde]

s@T108ds

6L6T '€ TI¥4V¥ ‘A¥Yd

HIOHS WO¥I (W £€°PLZ) IEIZ 006 ' AN TIID HOVIIANS

¥ YOQIMNOD °©

¥aIY0T1d ‘YIAIY SNHOL °IS
IAILVYIJC0D OIULDATI JTONIWIS
NOIIDITIIOO HSIJ I1Ina¥
(PeNUTIUOD) 9-¥ HIAVL

A-61



A-62

€O6T ‘AMSTOMTN I93JE UOTITPUOD TENXIS IO UOTIBOTITSSETD

. us3les HH@HQ
sanoy gz |wWT3 xmomm

. . I9pPUNOTI UISYINOS
- - - rwbrisoyizsT sAyyoTIRIRg

3oTTnu padraas
- - _snteydod Tibny

: I9MBOID DTIIURTIY
T ‘sTTuUSANp - 01 SOT snayeTnpun ucbodoaoTy
UOTITPUOD Xas (wb) ybtoM (wu) yabuat satoods

(PpenUTIUOD) 9-¥ ATAYL

e
i)
i




UOT3ITPUOD

X998

QEINLAYD HNON

(WB) 3FybTeM

(uur) abusg

UnIp JI93BMUSDII
susTuunIb snjoutpordy

ystjuns xeapay
snydoToxotu sTwodor]

ITthbontd
SNATYDOIDRW STwodsT

YsT33eo o3TumM
snjes snanTe3oy

PRUS UTIpeaIyl
osususlad BWOSOIOT

PBUS PIARZZIO
umuetTpedsd BWOS0IOQ

butxasy oegsntg
STTRATISOR ®SOTY

aeb ssoubuor
SN9SSO Sno3}SOsTdeT

saToadg

HYOHS WO¥d (W €°pLZ) Id4d 006 '’

6L6T ‘€ TII¥AV ‘IHOIN

¥ ¥0aIvdo0 4

YAIJ0Td ‘¥IAIY SNHOL °IS

ATLVEEJ00D DIVLOFTH dIONINWHS

NOTILOATIOD HSIJ LI10aY
(ponuTlUuo)) 9-Y¥ ATILIVL

LEN TIID HOVLINS

A-63



UOT3ITPUOD

——

X8

(wb) 3ybToM

(wnu) yabus

sanoy zT :awTy eos

ISPUNOTI UIDYINOSG

ewbTa

SOU3eT SAUlyoTIRIRdg

39T padraas
suTeydod T1bOR

IDYLOID DTIULTIV

snjeTnpun uobodoxoTy

soToads

(penuUTiluUOD) 9-Y ATAVL

Mpd

=

A-64



(I) oTTusAnp

(I) =Itusang
(I) °ofTusaAnp
(1) sTTuUsSAnp

II ‘371npy
II ‘3a1opY
(I) sTTusane
a .
UOTITPUOD

- ST . ZTT

- i €8

- S Z8

- 3 VL
oTewe 566 %
oTeWaY - 0EP zse

- 8% LLT
Xo§ (wb) 3ubToM (uu) y3zbueg

WnIp I93emyusalg

suatuunib snyoutpordy

UsTIuns aeopoy
snydotoxotw stwodeT

TT1thentg
snatyosoasew stwodsT

YSTI3eo 93TUM
SNIBD SNANTR30T

PeUS UuTipesayy
osuausiad ®BWOSOIOQ

A-65

peysS pIezzTo
umuetpadsd rwosoxoq

butazsy yoegentg
STIRATISO® BSOTY

aeb ssoubuor
SN9Ss0 snejsosTdeT

seToadg

6L6T ‘1€ HOYVW ‘IHOIN

JIO0HS WO¥d (W ¥°T6) IIAI 00O ~mamz TII9 WOLIOod

¥ 40aI3a00
¥AT¥0T1d ‘¥YIAIY SNHOLC °IS
IATLVIAJO0D DI¥LOATH HTONIWIS
NOILOATIOO HSIA LIINAY

9-¥ 149Vl

et



UOTITPUC)

€96T ‘ANSTOMIN I93J® UOTITPUOD Tenxss JO uoTj3esTITSSRTD
. q
SInoy g1 :awrny Aeos,

IBPUNOTI UISYINOS
rWHTISOULDT sAyjuorTeaed

4 AT padtass
- snieydso T1bny

I9YPOID DTIJURTAY
= = - sn3eTnpun uobodoaoTty
Xo8 (wb) HQMHmB (ur) yzbusg seToadg

(penuT3UOD) 9-¥ HIGVL

Bt

A-66



o UnIp I93eMYSDII
- = e SUSTUUNID SN3OUTPOTAY

_ ysTjuns Ieopoy
snydoToaotw stwoda]

_ TTTbonIg
. snaTyooadrw stwods

: - - - UsTF3ed 93TUM
! ST3vO SNaANTel}D]

- - . - - PRUS UTIpRaIyu]
. ssudualad BrUOSOIOQ

A-67

II ‘3TnpY oTews 1 . G6¥ TLE

peyS PIRZZTH
umouduUN umouu (0072 pee

unueTpeaded BWOSOIOQ

q

- - butaxsy Moegentd
m STTRAT]ISOR BSOTY

aeb ssoubuoT
SNOSSO sne3sosTdo]

UoTAITPUOD X35 (wb) 3aybrom (unz) yazbusg _ seToads

6L6T ‘TE HOUYW ‘IHOIN
TIOHS WOdd (W €°%LZ) ITIA 006 sWBMZ TIID WOLLOH
¥ J0gIyIod
¥aI¥0T1d ‘¥YIATE SNHOL "dS
JAILYEII0O0D DIVLOHETd HTIONIWIS
NOILDETIOD HSIA IIndY
{ponuUT3UO)) 9=V HIHYL -

e
e

L8




UOTITPUOD

A-68

€96T ‘ANSTONIN ID3JI® UOTITPUOD TeNXDdS IO GOHumoﬂMHmmMHUQ

saInoy gl 8wl Aeos,,

ISPUNOTI UIDYINOS
ewbTasoylaT sAUyIyDITTRIRG

39T TN padraas
snteydon TT1bny

I9HROID OTIURTIY
snjernpun uobodoadty

X3S (wb) 3ybTom (ur) yzbuag soT1o0dg

(pPoNUT3UOD) 9-¥ ATAVL



q

II ‘3T0pVY

(1) eTTusanp

UOTFTPUOD

o1ewS g

%95

8z¢ 987
7 LS
(wb) 3uybtom (un) yzbusTi

WNIp I93eMUSDIJ

susTuunab snyoutrpordy

UYSTIUNS Iropay
snydoToaotw stwodor]

TTthentyg
m.D.HHQOO.HO,mE S HEOQ@Q

YSTI3ed 23TUYM
SN3BD SNINTR3OT

PBYUS UTIypeaIyL
asususlad PWOSOIOJ

PRUS PABZZID
umueTpadad BWOS0IOQJ

butxasy yoegsnig
STTRATISSR BSOTVY

aeb ssoubuor
SNOSSO SN83s0STda]

saToads

6L6T ‘T 1I¥9av¥ ‘Axv¥d

TYOHS WO¥d (W ¥°16) I3EJd 00€ ~MBMZ TIID WOILOY™

¥ ¥30dIy00
VAI¥OTd ‘¥EAIY SNHOL °IS

IAILYEHIJ00D JTHLOITH HIONINWHS

NOIIDHTTIOD HSIA IINavV
(pPenUT3UOD) 9-Y HIAVYL

A-69



AT-IIT

3TNpY

UuoTATPUOD

oTewe g

XS

€96T ‘AMSTOMTIN I93Je UOTITPUOD Tenxas Jo :oﬂumOﬂmemmﬂUQ
sInoy gl oWty 3eos

ISPUNOTI uISylnog

88v 8¢ rUbIISOUIST sAUjyoTTeieg
37T padrass
- - snieydoo TIbny
: I9ROXD DOTIURTIY
- B snjeTnpun uobodoxoTy
(wb) 3ybToM (awn)  yabus satoads

(penuTluoD) 9-Y¥ ATdYL

j—

A-70



III ‘31npy
II ‘3TnpY
I1 ‘3T0pY
II ‘3T0pY

QHH ‘31npyY
IT ‘3Tnpy

a

UOTITPUOD

aTeWR A 81¢ 6€e
- 6 743
- 8 €6

%

OTeH 9.8 1A
oTRWS ] - 098 607
sTEWR I 899 96¢

a1en 06 ¢6T

STeNn 8% LT
PETS (wb) 3ubram (u) yabus

WUNIp I93eMUSDIg

susTuuntb snjourpoidy

UysTIuns Ieapoy
snydoToioTw stwodar

TTthontg
SNIATYDOIDRW STwods]

USTIFEO 93TUM
SN3BD SNANTR3DT

PRUS uTyprvaiyy]
Ummcmcmuwm BUWOSOIOJ

.wmsm paezzio
umuetTpeadad PWOSOIOQd

butaxsy oegontg
STIRAT3ISS® BSOTY

xebH osoubuoT
snesso sns3sostdeT

satosds

6L6T ‘T IT¥dY ‘IHOHIN
HMMOHS WO¥dA (W ¥°16) IEII 00€ ~MBmZ TIIS WOLLO™
¥ JOaIydo0d
V4I¥01d ‘¥dAIY SNHOL °IS
IATILVIEAO0D JI¥LOITE HTIONIWIS
NOILDITIOD HSIJ L1INa¥

(penuTiluo)) 9-Y¥ IdIdYL

N
ROt

A-71



I9U BUTIOBTTOD SITUM ISOT JSTTNM padTaas OBB@
32U BUTIODSTTOD STTYM ISOT prys UTypesIyly mnoo

(V]
~
i
=T

£96T ‘ANSTOMIN I91I® UOTITPUOD TenxXss IO UOTReDTITSSRTD

q
sanoy zT :ouwTy Aeos

, r _ IBPUNOTI UIBYINOSG
rWbTI]SOU3DT sAyauyotTeIeg

3oTTnu padraas

II ‘310pY oTel zet 8€T pSnTeYded Trbuy
_ _ JI9BOID OTIURTIY
= - snjelnpun uocbodoxoty
UOTITPUOD XS (ub) unmﬁws (uu) y3zbusT so1oads

(penutiluoc)) 9-Y H14vYlL




q

ITT

UOT3TPUOD

‘3T0py STews 4 YA Z8t

X9 (wb) uybtom (uw) yabuog

UnIp I53eMUSoIg

sustTuunxb snjoutpordy

Ustiuns xeapay
snydoToantu stwodsT

TTtbentg
snatyosoxoew sTtwoda]

YSTIIed 93TUM
ST3eO SNANTR]0T

PRUS UTIpeaxyy
osususyad PWOSOIOJ

PRUS pIRZZIH
unueTpaded PWOSOIOQ

butazsy spoegentg
STTRATISO® BSOTY

Ieb ssoubuog
SN®SSO SNO3S0STdeT

soToads

. 6L6T ‘T TIT¥dY ‘AVd
HJOHS WO¥A (W €°%LZ) Iddd 006 ' GLEN TIID WOLIOH
¥ J0aId¥od
VAI¥01d ‘9IATI SNHOL °IS
HATIVEIJ00D OIVLOFTE HIONINWAS
NOILOHTIOO HSIJ IINAY
(ponuT3lUuO)) 9-Y ATAVI

)

Yed

A-73



£96T ‘ANSTONTIN a033®R UOT3TPUOD TENXSS JO UOTIBOTITSSETD

P (wb) uzmﬂmz

q
SINOY g  fOWT3 HPOS,

IDPUNOTI UADYINOS

ewbTisoylsT sAylyorieied

JoTTnu padTags
snTeydod TTbny

I9MPOID DTIURTIY
snieTnpun ucbodoidIl

e

UOTITPUO)D (urur) gumcwq saToads
(penuT3uOD) 9~V TIAVYL

(e

e

A-74



- - - WNIp I91emMyssig
sustuunab snjoutpordy

- UsSTIuns xeopay
snydoToxoTw stwodsy

TTThantg
(1) sTTUSANL STeK 8TT 98T SnaTYdOIoRU STWOde]
USTIQ®O 23TUM
IT ‘31npy aTewS g y0E 8z SN3e0 SNINTe3o]
- - - - PEYUS UuTIpesayl
asususj3ad BWOSOIOJ
Lo
™~
II ‘3TnpY STews g 8s¥ TvE o
o) o) o) ovEn A PeUS pIezz1o
IT ‘3Tnpy aTen 0T¥ cee mueTpadsd BWOSOI0Q
q .
- - - - butxxsy ydegenTyg
STTBATISS® BSOTY
- - - - xeb ssoubuord
SN8sso snejsostdo]
UOTITPUOD © Xo8 (ub) aybtom (u) yabuerg saToads

6L6T ‘1 TI¥4v¥ ‘IHOIN
TIOHS WOdA (W €°%LZ) IdHd 006 .WHMZ TII9 WOLLO™
¥ 40aIWmI0od
YAI¥OTA ‘¥IATY SNHOL IS
AATLVYEJ00D DI¥IDHATH JTONIWAS
NOIIDATIOD HSIA LINav

(penuUTlIUOD) 9-~-Y¥ FIIVYL




UOT3TPUO)

sqeao Ag cwummo

€96T ‘AMSTONIN I933® UOTITPUOD [ENXDS JO aoﬂumOHMHmmmaun
sInoy g :awT3 xeos

- _ - I2PUNOTI uUISYINOg
eubT3IsoylsT sAyayuorrereq

- - - JoTTnu padrais
A snteydes TTBUK

- - _ IOYROID DTIURTAVY

snjenpun uobodoioTy

x93 (wb) 3ybyoM ~(w) y3busT seToads

(penUT3UOD) 9-¥ HTIAVYL

B

A-76



UOTITPUOD

qEINLIYD INON

X85 (wub) aybTtom (uw) yabusg

Unap asjemysaxg

susTuunxb snjourpordy

ysTjuns aespoy
snydotoastw stwodoT

TTthontg
mﬂHﬂQUOHOGE mHEOqu

UYSTIIeD 93TUM
SNJBS SNANTE]0T

PRUS uljpeaiy]
osususilad PWOSOIO]

PeUS pIeZZTH
umueTpadsd BWOS0OIO]

butaxey yoegentg
STTRATISOR BSOTY

Ieb ssoubuoT
SN9sSsO snajsostde]

soToads

6L6T ‘Z TII¥aY ‘IHOIN
MIOHS WO¥d (W €°9L2) Iddd 006 LAN. TIID NOLLO]
¥ ¥0qIvaod
YATHOTd ‘YIATY SNHOL °IS
HATILVYEJO0D JTYIOFIE FTONIWAS
NOIIDITIOD HSIJ ITINaY
(penUTIUOD) 9-Y FTIAVL

o

A-77



UOT3TPUOD

PER

(wb) 3ybToM

(o) yabusy

sInoy g1 :suwr3y xeos,

IDPUNOTI UIASYINOS
rubTIsoyaeT sAyjuoriexeq

3oTTnw padtass
snTeyded Tibny

I9YROID DTIURTAY
snjernpun uobodoadTy

sot1oads

(peUT3UOD) 9-¥ FTAVL

]

et

L

Temmy

A-78



II ’‘310PY
SIIT 31T0PY

q

UOTITPUOD

oTRWS g
aTEWSS

X8s

ogL
vLE

q

(ub) 3ubteM

68¢t
8et

8LS

(urr) yjbusg

Wnap IA93eMUSaII

susTuunib snjoutpordy

ysTjuns aespoy
snydoToaoTw sTwoder]

TT1bentd
sSnITYdSOIDRW STwods]

YSTIILd 93TUM
SN3e0 SNANTER30T

PeUS UTjpeaIyl
asuduoilad BWOSOIOJ

PRUS PIARZZTH
unuetpsdeo BWOSOIOJ

butaxey oegenig
STIRATISO® ®SOTY

xeb ssoubuoT]
SN9SS0O sSNY3s0sTde]

saToads

6L6T ‘T IT¥4Y ‘IHOIN

¥ 90aIddgod ©

TIOHS WO¥d (W ¥°16) Iddd 00€ ‘ _IAN TIID WOLLOH

¥AIdo0T1d ‘dIATY SNHOL °IS

SATIVIHJO0D JIWLDATH HTONIWIS

NOILOJTIOD HSIA LTINAY

(penUTlUO)) 9-Y¥ FIdVYL

Ty

Yot

A-79



A-80

€96T ‘AMSTOXIN I933e UOTI3ITPUOD TENXIS JO coﬂumoﬂwﬂmmmﬂoo

QUTWISISP 03 d[ge 3Jou "cwummn
sanoy zT :ouwTy xmomm

- IOPUNOTF UISYINOS
- - ewbTysoyleT sAyzyoITRIRg

39T padraas
- - snteydso TI1bny

A , ’ I3HROIO OTIUBRTAY
- : - - - snyeTnpun uobodoxoTy
UOT3TRUOD p.CI] A (wb) qubtom (un) yabuaT s@Toads

(PeNUTIUOD) 9-¥ ATAVL



III ATxed ‘3Tnpy

III ‘31npY
q

UCTITPUOD

STewRg . ££6
STewWS L88
xas (wb) 3ybTOM (o)

yazbueg

ovv
o1v

uNIp I93RMUSDI]
susTuunib snjoutpoidy

YUsTuns Ieapay
snydotoxotw stwodag

TTtbentd
snatyooxoew stwods

USTIJed S83TUM
SN]eD SNANTe]0T

PBUS UTipeaayy
gsuausiad BWOSOIOQ

peys piezzio
.. umueTpadsd BWOSOIOQ

butaxoy yoeqgentd
STTEAT3ISO®R BSOTY

a1eb ssoubuod
ST9sSs0 snajsostdo]

saToads

6L6T ‘¥ TI¥AY ‘IHOIN

¥ d0qIvddoD
YATIOTA ‘UIATY SNHOL °IS

JATILYIIJ00D OI¥IDETH HIONIWIS

NOIIOATIOD HSIA I10daY

(penutTlUC)) 9~y AIHYL

HIOHS WO¥d (W €°7LZ) ILd9d 006 ~M8m2 TIID WOLLOH

LS
o

Gowond

A-81



UOT3TPUOD

€96T ‘ANSTONTIN I93J° UOTFITPUOD TBNXSS JO UOTIEOTITSSBID

FET (wb) 3ybtom

q
sInoy gz :awrly Xeos,

ISPUNOTT UIBYINOSY
rwbIISOUl T sAyayoTieaeg

JoTTnu padtass
snTeydso TTHNR

I9NROID DTJURTIV
snaeInpun uobodoxoTy

(unx) yzbua saToads

(penuTiuo)) 9-y

—~
;
K

CRRE LA

]

e
Y
Viod

A-82



£8-V

| : | - - - - - - - arAIRT

- - - 9g - T - - - - - - aTTusang xoqoyoboy

- - - ~ - - - - - - - - IT0pyY SN3BTNOBW $9309UTIL
- - - - - - - - - - seAxer]

H _ - - - - - - - - - - sTTUSANL Aqob umoTd

- - - 9§ - T - - - - - - 3T0pY snsoinb snTqoboioTH

- - - - - - - - - 033 14 Z seaxe]

0T 2€ 9T LL o€ ve S8 Sz 8¢ T8 SE 6 STTUSANL I93'OID OTIURTIV

- Tnpy snaeTnpun uobodoxoTi

s .. _ - - - aeaxeT
- - - ~ - - 79 - T - - - Strusanp ItThontd
_ _ - - - - 0Tz - T - - - 3Tnpy SNITYDoIORN STWode]
_ - - - - - - - - - - - . orATET
- - - 09T - T - - - - - - STTURANY YsSTIjes [oauuryd
_ _ _ - - - - - - - - - 3T0py snjejound snaniejlor
_ _ _ - - - - - - - - - oeaIeT
: _ - - - - - - - - - - aTTUsAnL pesyIing umoxg
06T _ T - - - - — - - - - II0pY SNSOTNQau snaInTe3oT
_ _ - - - - - - - - - - E17 -4
- - - 90T 88 4 88 8L 4 - - “ - 2T TULAND YSTIaeo a3TuM
- - - LO€ 06T 174 - - - - - - JI0pY SN3vO SNINTR3IDT
_ - - - - - - - - - - - seaxerq
_ _ _ - - - - - - - - - aTTURANL Anoyoue AKeg
- - - - - - 99 Ve £y 9g [ 4 IINPY TITTYDS3ITW BOYDUY
- - - - - - - - - - - - ovATRY
" - - - - - - - - - - - aTIULALY PRUS UTIpEDIyl
- - - - - - €91 - T €6 - T I1npyY Ssusuazad ewosoiog
XeW UTH Xel uTK XBR uTH Xey UTW
(uw) abuey ©zTIS POIOBTTOD # (uu) obuey 92ZTS pe3os1l0D # (u) obuey °z1S PO303TTOD # (um) obuey 2215 Pa3IOSTT0D # abelg a1Tq uoxey,
a MoL 2 MOL a MOL O MOL
(0Z6T) IHOIN (0£90) Av¥a
6L6T ‘¥ "TI¥a¥y
JYOHS WO¥d (W ¥°16) IIId 00f ‘IMYIL ¥ALLO
¥ d0argaod
YATIOId “¥IATY SNHOL -4S
FATLREAJO0D ITYLOITH TIONIWIS
NOTLOITIOD HSIJA JINav
LY TI9YL
& i : 3 3 i B




8-y

LT 88T

€Lt L

XN UTH

0s Sv € - - - - - -

- - - - - - s¢ sz €
TET 9§ ot €T 6 29T €ezT 8¢ ov

- - - - - - €6 L8 z
- - - 81z - 1 88T 691 £

- - - SLT - 1 - - -

0ST V6 € SST 08 [4 - - . -
0z¢e SLT € 06¢ TotE 4 14743 - ST

0Tv - 1 - - - -

Xeq U Xey  Um Xe]  UIR

arATRT
aTTUSAND
ITpY

seATRT
aTTuUSADL
TPV

aeaxeR]
arTUSAND
IT0pY

seaxe]
oTTuUDADL
ATOpY

srvaxeT
aTTUdANL
31npy

seaTey
aTTUSANL
ITOPY

seaxey
2TTUSAND
ITapY

E1T1:5
aTTULAND
3T0pY

seaxeT
aTTUDADL
3Tnpy

seaxe]
aTTUSAnpL
3TNpY

aaoyshboy
sSn3eInoRll S9308UTIL

ISPUNOTF UADYINOS
ewbT3sou3aT
sAyayotTIeIRd

I93[ROID DTIURIIY

(uw) sbuey ©ZTIS POIDITTOD #

(uni) obueyg 9zTS Po3oOdTIOD 4 () obuey 92TS PoIOITIOD # () obuey °2TS POIODTIOCD #

d MOL

¥ MOXL g MOL ¥ MOL

(ozeT)

IHOIN (0£90) Avd

6L6T ‘v TI¥AY
TIOHS WO¥d (W €°9L2) 133I 006 ‘'IMVEL ¥ALIO
A g (elearct:(0)0)
YATIOTd ‘¥AATH SNHOL IS
FATIVIAJO0D OTYLOATE HIONIWAS
NOILOITTIOD HSIJ IINAY

(ponuUT3lU0D) [~¥Y FIAVL

sbeas oI TT

snjeTnpun uocbodoadTi

YSTIUNS Ieopay
snydotoxotu stwodsaT

T1tbenTd
snatyooxoew stwoday

YstTIjeo psuueyd
snjejound SNANTEAOT

peayIIng umoad
SNSOTNOdU SNANTR3IOT

YSTFIBO 93TUM
snjed WDH.DHMPUH

KAnoyoue Aeg
TITTYD3ITW 'OUIUY

=2 uedsTIswmy
vieIjsox erlrunbuy

uoxe],



0L°8¢
0
EGTEPT
0
€8° VIl
0]
0
0]

0

0

0
ST 9TV
£8°86¢
Ly SLL
€L°V00'T
SETPT
GETVT
61" LTO
67°9L0°T
LY 00T
SEVT
L7 00T

SeE°VI

0
0

Tel0]

SEPT

€8 VIT TL°2Le
8T"62CT LY 00T
TL CLE 8V vt
1006 1 00L

ANE\# oberssr) SHIVIGATIIANIONOVH OIHINAY JO0 SHILISNIAA

Iv° LS

TL°82

TL°8¢

68°10%
6L°£08
SE'VT
SEPT
gy 10¢g
68°TOV
SEVI

v LS

A056¢

"ONI "HAILVYIJO0D DTILDTIH FIONIWHS

Zi°L8
LL°TL SEPT
TIv° LS
SE°VT £E8°PTT
cL L8 GEVT
€S EPT
1L 2Le
v- LS
1.°8¢
SETPT
1062 " 08T

6L6T ‘ONIA4S

HYOHS WOYJA SHONVYLSIA IY
SATAWYS d90d9d NYIE

8~Y FILVL

SEPT

G9°672
90" ¢€¥
Iv° LS

90"tV
ZT° L8

SE°PT
SE°PL

1 08

*ds umTtydoxo)
seprttudoaon
*ds eTToTeliH
SBPTIAITI®RL
*dds snaeunres
sEpTIRUMIRY
epodrydury
eadRISUID

*ds eubeTTeuq
oepTUOTIbRUBO)
evaxo3dobiy
©lRUOPO
*ds snsaejlueq
+ds snsIelAurjoayy
*ds snipeiooxrg
*ds umtTpadATog
*ds BI1309sdoIo TR
*ds sadrpusjoldiin
*ds snsaejiuejopeT)
*ds sndAuejola20)
*ds eTAwsaqerqy
sednd -ptun
- DRPTWOUOITYD
ea93dTg
*ds sTtuse)
Sepriseyg
eas3doxsuaydyg
elo9sul

YXY.L

A-85



LT°806°9T TZ°SS9'S

T0°9¥C TL°8C

90°¢e¥

¥6°00¢
60°ZLT’E
6L°€08
89°50C'T
06°8€T’S
90°¢€¥
SE°PT
SEPT
ZLtziLe
Se° vl

0

TE 65V
9¢€"85¢

v6°292'v
SEPT

Se V1

0L"8¢
0
19709

0

0
Zv°10¢
207 ¢V
SE°PT

Z1-98

T Te30L 1,006

19 TLO’E
SE°VI

90" v

AR AAN
Z1°98
89°60Z‘T
677889
TL°8¢

96°00¢
SETPT

1002

00°¥6L'Y 0€°89€2 e 86

§6°00¢

657981
L9°1%6
SC°9TV

GLzeb'1
90°¢ev

Se°PT

L0"L8T

GEVT
SE°PT
S6°00¢

SETPT
SE°PT

€1°0¢e LL TL

SEPI
TL.°8¢

106¢

1 0G6C 06T

(PonuUTiUuOD) Q-Y¥ ATIAYL

TL°09L TYIOL

etydIowojeusy

*ds uMTpPTSTd
aepItaseyds
epodAoeaTag
*ds eisstaxeg
epodoajsesn
BvOSNTTON

90°¢¥

SEVI
LLTL

*ds sj3ea38s "pTUn
*ds snyTapouwTty
TISASTSUIIOY SUT TIPOUWTT
*ds snTTapoTny
TaenbTd snraporny

*ds seproTzTONg
*ds eutlstag
*ds umTpTeN
*ds sten

*ds seprtpren

©19BYD0DITO
epITauuy

LLTL

A-86

SNpI1des se308UTTTR)
epodedaqg
SUOIITUNT BOPTUIPISSED
sepTilewoxaryds
*ds eatrodeanyiei)
SrpTINYjUY
epodost
°POORIASO
epodsdo)
©ISD0PeTD

SEVI

TL°8¢C

SETPT

10§ YXYL

Y




L8-Y

SMO] JI0J MOTTRUS 00] x

69°6¥E 68°8 LT L 95'8 8T'¢ 00°9 2T'9 0 90°% P17 el $5°292 £L°0¢ Te30L
267 L ze e oL°s -ds ERTixpoTRY
08-¢ 08°¢€ -ds SnTTipowiti

0 SBPOTITANL
00°¢ 00°¢ - *ds sten
€91 L9°9 PT°T ST°¥ 8€"¥ -ds ®TxE1438

0 SepPTPTEN

0 ©39RYDOLITO
002 007¢ -ds ,mdﬂw_..ﬂmﬂ.a

0 epodado)d
L8 1672 TL°T Loz €0°C BIBOOPRID

0 23I0LISNID
7wt @t . . RUTARORIPAH
89°9 9€ ¥ cee +ds SnIoqoeqs

0 _ 2EePTOTIND
0Z°y8¢ 00°¢ £0°¢C 9L°8 067LGT TG €1 *ds Tutsaejluey,
LGP €r°e PI°1T -ds esevutpodiuey,
ez € ¢ -ds snsaejiuejosyy
€61 £6°T - ds ‘sniperooad
6L°S 6L°G -ds snsxejiuejopeid
LT -1 2ePTUWOUCITYD

0 exaadtqg

0 _ —_ J— J— —_— —_ P _ — —_ . . J— J— — —_ ©3109sUl

g A4 2 A4 d Y g ¥ d A4 < Y < ¥ g ¥
o summm_oom ,006 ,00L ,006 ,0S€ 052 ,0ST 105 XYL
8 L 9 S 1% € 4 T
* x
A¥d

6L6T ‘ONI¥dS
‘ONI ‘EATINYIJO0D DINLOIATA ATIONIWAS
FYOHS WO¥A SHONYILSIA I¥ ( W Qo0TL/#)
(smo3 Aq peuTuiaisp se) mmemmmmemm>2momuaz A0 SIILISNIA

6-¥ JTEYL

t

4.

T
Mo




38-V

v0°€ 8p°1 95°T

0

o - - -
ZL°8LLT S€E°LTIT 16°89T 878 LO'LT pE°88 80°PT  €8°6L 8672ST §5°09Z 89°62Z S0°L8Y 90°8TT
€5°¢8y 19°9y  T0°08 95°2¢ ¥$°8 £6°8T 69°¥ Ov°TIT 00°TC ¥6°9¥T 8%°SE  ¢8°ZF  SS €
19°€9 8y T €1°¢ 00°9 8I'8T €TI°¥Z 69°9

0

. . . . . . . . ; . “ce1

‘gsy  GLEE 6V T¥ s8¢ ¥0°TIT 92°9 Ly"8y 00°TZ OE'0E ZP'SP  ¥S'LS  05°SS
Mw.mw 96°¢ 95°T 568 06°T ¢I'2l 92°% 89°¢ 79°8

o i
85°1 86°1
€L7opgT  9£°62T 91°80T  2E€°0S TLZE €0°28 TP PE  TL°ZL 6V S8 GSBTLET 9T°€LT S8°0¥C 99°€0T

0

0

0
9y €z LZv ST 9571 08°¥ ] 0T L 88°¢
LO8TY v0°8 ° VLOZ 8v'T 69°S 9v"6 T1S°2ZT  6L°2€ .00°0f 69°6T. 91°S8 9TI°6ET GSE°€9

6] . .
99° L1 85T 05°T- 90°2 zg'8
€679 v 0s°L 90°'¥E  LO'0Z 88°C
V'V os'T  IST  zp°T
ye"T vE'T
95°1T 95° T
85°T 85 T
veETT ve"T

0

O * - - i
SE°L 8y 1T 0S°T  £0°¢€ YE'T
9% v 86°1T 88°2

0
LS 95 19°T 8v°T 8y'T 5872 €LV 69°F €°T  00°9 90°9 01°L 8€°€T  9L°§

0

0

0

g ¥ g ¥ g ¥ q v g v g ¥ g ¥
TYIOL  43dsp 006 006 L 00L ,00G ,0GE ,05¢C 05T L 05
pT!
8 L 9 v T 1

(penUT3UOD) 6-¥ HIAYL

Snprdes
S9309UTTTRD
epodeoag
-ds suinbay
epodadon
BISOOPERTD
+ds umtydoxo)
sepTTydoaod
PITITIUSPTUN
*ds eTT1aTeAH
2epPTI}TTR]
*ds xAuobuei)
*ds snxeuures
oepI.IRUIRY)
epodrydury
B9ORISNID

eutaeoRIpPAH
*dds snioqoeyd
SBPIOTIND
arutpodiuryg,
*ds Tutsaezdueg
*ds snsaejAueg
-ds snsaejiuejzosyyg
-ds snIpelooxd
*ds snwouoiTyoeied
*ds erpgagutd
-ds snsaejiuejopeld
~ds snuwouoaTyd
~ds etriussqerqy
9EPTWOUOATYD
exazdiqg
ds stuse)
septioed
eaxe3dozowayda
e308sul

YXYL




£€9°298Y TE€°PEL  ¥SUTPY ¥OTLET

68~V

89°6L 88°TET

L6796 LB 0LT

L67LLE S¥°099 9% 8L9 99°T1€0T 0Z°T2S O

1671
0
8y 1 8v-1
0
veEv
LL°99 19°1 17 A8 74
09701

LI°LT €679

coc o

(A

88°¢

86 VS SV P

0

g ¥

Sl¢g

STt

86T

§6°0T EV°1

€T°¢

0L°S

£V T

18°T

00°¢ ve'l
00°12 SE'TT ve'T v9-°8
09°01

8974 89°¢ 88°¢

[4 2N
88°¢

00°6 2074 2s°8 voet 9L°S

061

00°¢ 1671

88°¢C

TYLOL y3dsp ,006

pTu

100L

100S 10S8¢E 1062 10GT

10§

(PeNUTIUOD) 6-¥ TIGYL

w1

TYLOL

‘ds erSsTizeg
epodoxysen
-ds sniTIapowwil
SEPIOTITqn
~ds sTeN
‘ds etie143s
SEPTPTeN
Rt felel oy & Yo

TmoTabrq
sTsdoptsiun
ORPTSAW
ROORPISAW
-ds ewoxsEyds
suoxJTuny
eOPTUTPTSS®ED
aepriewoxaeyds
TtTod
eIny3eid
Sepranyijuy
epodosT

s914po31ad
septTdITeH
exs3zdoaiod

-ds ewbeyTeug
seprtuotribeuso)
eaajdobiy
e3RUOPQ

PIXTIOD
9BPTXTIOD
exajdrwey

VXYL



APPENDIX B

RESULTS OF PHASE IT STUDIES
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ADULT PER 100 CUBIC METERS

ACTUAL DENSITIES

BY DAY,BLOCK,POSITION AND SCREEN

SEMINOLE ELECTRIC COOPERATIVE, INC

INTAKE STUDIES
DAY OF STUDY
BLOCK SCREEN TOTALS
1 2 3 4 5 & 7
1 1 .00 . 10,25 .00 .00 30.82 .00 .00 .00
1 2 .00 .00 .00 .00 .00 .00 20.81 .00
2 1 .00 .00 .00 .00 .00 .00 83.24 .00
bed 2 .00 .00 .00 .00 .00 .00 .00 .00
3 1 .00 .00 30.8%2 . 00 .00 20.82 41,62 .00
3 2 .00 .00 .00 .00 .00 20.82 .00 .00
4 1 5.16 .00 30.92 .00 .00 .00 .00 .00
4 2 .00 .00 .00 .00 . 00 .00 .00 . 00
TOTALS 5.2 10.3 1.8 .0 30.82 41.6 145.7 .0
295.33
OTHER TOTALS
TOTAL FOR 1MM SCREEN = 253,70 TOTAL FOR 2MM SCREEN = 41.63
MEAN FOR 1MM SCREEN = 7.93 MEAN FOR 2MM SCREEN = 1.30

2
‘
o

CONTINGENCY TABLE

TOTAL NUMBER OF DIPTERA

61.38

114.14

26.07



CONTINGENCY TABLE
TOTAL NUMBER OF DIPTERA

TOTAL PER 100 CUBIC METERS

ACTUAL DENSITIES

BY DAY,BLOCK,POSITION AND SCREEN

SEMINOLE ELECTRIC COOPERATIVE. INC

INTAKE STUDIES
DAY OF sSTupy
BLOCK SCREEN TOTALS
1 2 3 4 S 6 7 8
1 1 247.24 ) 174.29 477.90 502.52 236.31 531.44 291.33 103. 66 4310.73
1 2 124,69 51.26 267.64 225.62 380. 1S .00 551.45 145.21
2 1 347.95 595.95 311.33 205.79% 823.31 208.48 499.43 280.82 6913,32
2 2 388.82 626.78 352.84 228.54 885.54 372.25 447.41 343.22
3 i 185.02 139.41 113.23 207.08 606,13 541.26 364.17 767.94 6304.17
3 2 139.89 72.29 92.64 368.91 606,18 863.94 416.19 819.83
4 1 57.03 129.73 206. 10 863.37 373.95 520.45 622.90 330.52 7366. 12
4 2 54.28 176.43 133.97 664,12 575.68 619.74 664,87 1362.99
TOTALS 1555.0 1966.1 1955.7 3266.0 4487.3 3657.6 3857.7 4154.2
24899.54
OTHER TOTALS
TOTAL FOR iMM SCREEN = 11876, 11 TOTAL FOR 2MM SCREEN = 13023. 43
MEAN FOR 1MM SCREEN = 371.13 MEAN FOR 2MM SCREEN = 406.98



e

CONTINGENCY TABLE

TOTAL NUMBER OF

HYDRACARINA

LARVAE PER 100 CUBIC METERS
' ACTUAL DENSITIES
BY DAY,BLOCK,POSITION AND SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
. INTAKE STUDIES
DAY OF STUDY
BLOCK SCREEN TOTALS
1 2 3 4 5 7 8
1 1 .00 . .00 .00 .00 10.27 83.36 .00 .00 129,63
1 2 . 00 10.25 - 00 .00 20.55 .00 .00 5.19
2 1 < 00 . 00 .00 .00 . 00 .00 10. 40 .00 72.52
2 2 .00 20.55 20.76 .00 .00 .00 20.81 .00
3 1 .00 7.75 20.5%9 20.71 .00 .00 .00 .00 114,42
2 2 5.18 .00 10,29 .00 10.27 20.92 20.81 .00
4 1 .00 .00 .00 .00 . 00 .00 20.76 2.60 147,12
4 2 .00 .00 .00 .00 41,12 82,43 .00 .00
TOTALS 5.2 38.5 51.6 20.7 82.2 Mmoym 72.8 7.8
465,68
OTHER TOTALS \
TOTAL FOR 1MM SCREEN = 176:45 TOTAL FOR 2MM SCREEN = 289.23
MEAN FOR 1MM SCREEN = 5.51 MEAN FOR 2MM SCREEN = 9.04



CONTINGENCY TABLE

TOTAL NUMBER OF HYDRACARINA

ToTAL PER 100 CUBIC METERS

ACTUAL DENSITIES

BY DAY.BLOCK,POSITION AND SCREEN

SEMINOLE ELECTRIC COOPERATIVE. INC

INTAKE STUDIES
DAy OF STUDY
BLOCK SCREEN TOTALS
1 2 3 4 5 7 8
1 1 .00 .00 .00 .00 10.27 83.36 .00 .00 129.43
i 2 .00 10.25 .00 .00 20.55 .00 .00 5.19
2 1 .00 . 00 .00 .00 .00 .00 10.40 .00 72.32
2 2 .00 20.55 20.76 .00 .00 .00 20.81 .00
3 1 .00 7.75 20.59 20.71 .00 .00 .00 .00 116.42
3 2 5.18 .00 10.29 .00 10.27 20.82 20.81 .00
4 1 .00 .00 .00 .00 .00 .00 20.76 2.60 147.12
4 2 .00 .00 .00 .00 41.12 82.63 .00 .00
TOTALS 5.2 38.5 51.6 20.7 82.2 186.8 72.8 7.8
465.68
OTHER TOTALS
TOTAL FOR 1MM SCREEN = 176.45 TOTAL FOR 2MM SCREEN = 289.23
MEAN FOR 1MM SCREEN = : 5.51 MEAN FOR 2MM SCREEN = 9.04



CONTINGENCY TABLE

TOTAL NUMBER OF AMPHIPODA TOTAL PER 100 CUBIC METERS

ACTUAL DENSITIES

BY DAY,BLOCK,POSITION AND SCREEN

SEMINOLE ELECTRIC COOPERATIVE. INC

INTAKE STUDIES

DAY OF STuDY

BLOCK SCREEN TOTALS
i 2 3 4 S [ 7 8

1 1 515.909 " 1230.28 727.24 851.21 2815.13 2615.54 mm%&.ﬂm 995.15 20806, 52
1 2 727.36 666.40 854.38 502.52 2517.18 .00 4224.34 368.22

2 i 419.59 462,38 1743.45 895.20 740.98 354.42 1383.83 270.42 15145.70
2 2 602.79 452,10 975.50 £415.53 2265.34 i571.74 2216.22 395.22
'3 1 205.53 338.21 33%9.69 10546.10 883.53 3122.68 1675.17 311.33 14376.45
3 2 Wmoamv 327.88 195.58 1352.48 616.45 1884.02 1082.10 674.54

4 1 113.43 103.78 175.172 349.46 747.90 1249.07 1370.3%9 400.79 12002.91
4 .N 108.56 176.43 247.32 228.29 14644.80 2313.68 1080. 41 14693.41

TOTALS 3004.3 3757.5 5258.4 5651.0 12231.4 13111.1 14229.0 5109.1
62351.65
OTHER TOTALS
TOTAL FOR 1MM SCREEN = 29658.79 TOTAL FOR 2MM SCREEN = 324692.86

MEAN FOR 1MM SCREEN =

924,84 MEAN FOR 2MM SCREEN = 1021.65



CONTINGENCY TABLE

TOTAL NUMBER OF I1S0PODA LARVAE

PER 100 CUBIC METERS

ACTUAL DENSITIES

BY. DAY, BLOCK,POSITION AND SCREEN

SEMINOLE ELECTRIC COOPERATIVE., INC

INTAKE STUDIES
. DAY OF STUDY
BLOCK SCREEN TOTALS
1 2 3 8 5 6 7 8
1 1 30.91 .123.03 394,79 61.53 10.27 197.99 83.24 .00 1717.00
1 2 .00 61.51 §2.35 164.09 195,21 .00 291.33 20.74
2 1 71.64 30.83 .00 30.87 205.83 .00 41.62 93.61 1054.74
2 2 51.17 61.65 166.04 20.78 123.56 82.72 72.83 41.60
2 1 51.40 25.82 20.5% 20.71 61.65 20.82 166.48 31.13 782. 61
2 z 26.27 49,05 51.47 122.97 41.10 41.64 10.40 31.13
4 1 36.09 10.38 92.75 123.34 62.32 10.41 321.83 127.52 18138.86
4 2 20.68 51.89 51.53 124.52 41.12 82.63 166.22 495,63
TOTALS 293, 1 414.2 859.5 668.8 741.1 436.2 1154.0 g41.4
5413.22
OTHER TOTALS
TOTAL FOR iMM SCREEN = 2559.37 TOTAL FOR 2MM SCREEN = 2853.85
MEAN FOR 1MM SCREEN = 79.98 MEAN FOR 2MM SCREEN = 89.18



CONTINGENCY TABLE
TOTAL NUMBER OF ISOPODA

TOTAL PER 100 CUBIC METERS

ACTUAL DENSITIES

BY DAY.BLOCK,POSITION AND SCREEN

SEMINOLE ELECTRIC COOPERATIVE, INC

INTAKE STUDIES
DAY OF STUDY
BLOCK SCREEN TOTALS
1 2 3 4 5 7 8
1 1 30,91 123,03 394.79 - 61.53 10.27 197.99 83.24 .00 1717.00
1 2 .00 61.51 82.35 164.09 195.21 .00 291.33 20.74
2 1 71.64 30.83 .00 30.87 205.83 .00 41,62 93.61 1094.74
2 2 51.17 61.45 166.04 20.78 123,56 82.72 72.83 41,60
3 i 51.40 25.82 20.59 20.71 61,65 20.82 166.48 31.13 782.61
3 2 36,27 49.05 51.47 122.97 41,10 41.64 10.40 31.13
4 1 36.09 10.38 92.75 123.34 62,32 10.41 321.83 127.52 1218.86
4 2 20.68 51.89 51.53 124.52 41.12 82.63 166.22 495.63
TOTALS 298, 1 414,2 959.5 668.8 741.1 436.2 1154.0 841.4
5413.22
OTHER TOTALS
TOTAL FOR 1MM SCREEN = 2559.37 TOTAL FOR 2MM SCREEN = 2853.85
MEAN FOR iMM SCREEN = 79.98 89.18

MEAN FOR 2MM SCREEN =



CONTINGENCY TABLE
TOTAL NUMBER OF DECOPODA TOTAL PER 100 CUBIC METERS
ACTUAL DENSITIES
BY DAY.BLOCK,POSITION AND SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES

DAY OF STUDY

BLOCK SCREEN TOTALS
1 2 3 4 5 6 7 8
1 1 .00 ., . 00 .00 .00 .00 .00 .00 .00 .00
1 2 .00 .00 . 00 .00 .00 . 00 .00 .00
2 1 .00 . 00 .00 .00 .00 .00 .00 .00 - 00
2 2 .00 .00 .00 .00 .00 .00 . Q0 .00
2 1 .00 .00 .00 . 00 .00 .00 .00 .00 - 00
2 2 - .00 .00 .00 .00 .00 .00 .00 .00
4 i .00 . 00 .00 .00 .00 .00 .00 .00 -00
4 2 .00 .00 .00 .00 .00 . 00 .00 .00
TOTALS .0 .0 .0 .0 .0 .0 .0 .0
.00
OTHER TOTALS
TOTAL FOR 1MM SCREEN = 200 TOTAL FOR 2MM SCREEN = .00

MEAN FOR 1MM SCREEN = - 00 MEAN FOR 2MM SCREEN = .00



CONTINGENCY TABLE

TOTAL NUMBER OF = STRONGYLURA MARINA POSTLARVAE PER 100 CUBIC METERS

ACTUAL DENSITIES

BY DAY AND BLOCK FOR 9.5MM SCREEN

SEMINOLE ELECTRIC COOPERATIVE, INC:
. INTAKE STUDIES

DAY OF sSTUDY

BLOCK
TOTALS
1 2 3 4 S5 -3 7 8
1 .00 . 00 .00 - 00 .00 .00 .00 .00 - 00
2 .00 .00 - 00 .00 .00 .00 .00 .00 .00
3 - 00 - 00 .00 7.80 .00 - 00 .00 .00 7.80
4 =00 .00 .00 - 00 .00 .00 6.75 .00 6.75
S .00 - 00 .00 .00 . 00 .00 .00 - 00 .00
TOTALS -0 .0 .0 7.8 .0 .0 6.7 -0
14.55
OTHER TOTALS
TOTAL FOR 9.5MM SCREEN = 14.55 MEAN FOR 9.5MM SCREEN = .36



i

CONTINGENCY TABLE
TOTAL NUMBER OF STRONGYLURA MARINA
ACTUAL DENSITIES
BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES

DAY OF STUDY

ALL LARVAE PER 100 CUBIC METERS

BLOCK
TOTALS
1 2 3 4 5 6 7 8
1 .00 " .00 .00 .00 .00 .00 .00 .00 .00
2 .00 .00 .00 .00 .00 .00 .00 .00 .00
3 .00 .00 . 00 7.80 . 00 .00 .00 .00 7.20
4 .00 .00 .00 .00 .00 .00 6.75 .00 6.75
5 .00 .00 .00 . 00 .00 .00 .00 .00 .00
TOTALS .0 .0 .0 7.8 .0 .0 6.7 .0
' 14.55
OTHER TOTALS
TOTAL FOR 9.5MM SCREEN = 14.55 MEAN FOR ©.SMM SCREEN = .36



CONTINGENCY TABLE
TOTAL NUMBER OF LUCANIA PARVA PROLARVAE PER 100 CUBIC METERS
Dﬂdcrr DENSITIES
BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
. INTAKE STUDIES

DAY OF STUDY

BLOCK
TOTALS
1 2 3 4 5 6 7 8
1 .00 T .00 .00 . 00 .00 .00 .00 .00 .. 00
2 .00 .00 .00 .00 .00 .00 .00 .00 .00
3 .00 .00 .00 .00 . 00 7.80 .00 .00 7.80
4 .00 .00 .00 .00 .00 .00 13.49 .00 13.49
5 .00 .00 .00 .00 .00 .00 .00 .00 .00
TOTALS .0 .0 .0 .0 .0 7.8 13.5 .0

21.29

OTHER TOTALS

TOTAL FOR 9.5MM SCREEN = 21.29 MEAN FOR 9.5MM SCREEN = .53



CONTINGENCY TABLE
TOTAL NUMBER OF LUCANIA PARVA
ACTUAL DENSITIES
BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES

DAY OF STUuDY

ALL LARVAE PER 100 CUBIC

BLOCK
TOTALS
1 2 3 4 S ) 7 8
1 .00 .00 .00 .00 .00 .00 7.75 .00
2 - 00 .00 .00 « 00 .00 .00 .00 .00
w 3> .00 .00 - 00 .00 .00 7.80 15.60 .00
4 .00 & . 00 .00 .00 .00 .00 13.49 .00
3 .00 .00 .00 . 00 .00 .00 .00 .00
TAOTALS .0 .0 .0 -0 .0 7.8 346.8 .0

TOTAL FOR 9.5MM SCREEN =

OTHER TOTALS

44,64

MEAN FOR 9.5MM SCREEN =

METERS

23.40
13.49

. 00

44,64



P

CONTINGENCY TABLE
TOTAL NUMBER OF GAMBUSIA AFFINIS
ACTUAL DENSITIES
BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES

DAY OF STUDY

ALL LARVAE PER 100

CUBIC METERS

BLOCK
TOTALS
1 2 3 a 5 6 7 8
1 .00 " .00 .00 .00 .00 .00 .00 .00 .00
2 .00 .00 .00 .00 .00 .00 .00 .00 .00
3 . 00 - 00 .00 .00 - 00 . 00 « 00 . 00 .00
4 - 00 .00 .00 « 00 .00 .00 LTS .00 &£.75
S .00 « 00 .00 . 00 - 00 .00 .00 .00 .00
TOTALS .0 .0 .0 .0 .0 .0 6.7 .0
6.75

OTHER TOTALS

TOTAL FOR 9.5MM SCREEN

6.75

MEAN FOR 9.5MM SCREEN =

.17



ptey

CONTINGENCY TABLE

TOTAL NUMBER OF MENIDIA BERYLLINA PROLARVAE PER 100 CUBIC METERS
ACTUAL DENSITIES

BY DAY AND BLOCK FOR 9.SMM SCREEN
SEMINOLE ELECTRIC COOFERATIVE, INC
INTAKE STUDIES

DAY OF STUDY

BLOCK
TOTALS

1 2 3 4 5 & 7 8
1 .00 . .00 . 00 7.63 . Q0 .00 .00 .00 7.43
2 .00 .00 .00 .00 .00 .00 .00 .00
c) .00 .00 .00 .00 . 00 .00 .00 .00
4 .00 .00 7.73 .00 .00 .00 .00 .00 7.73
S .00 . 00 .00 . 00 .00 . 00 . 00 .00

TOTALS .0 .0 7.7 7.6 .0 .0 .0 .0

OTHER TOTALS

TOTAL FOR 9.5MM SCREEN = 15.35 MEAN FOR 9.5MM SCREEN = .38

A
)

o0



CONTINGENCY TABLE
TOTAL NUMBER OF MENIDIA BERYLLINA
ACTUAL DENSITIES
BY DAY AND BLOCK FOR 9,5MM SCREEN
SEMINCOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES

DAY OF STubY

POSTLARVAE PER 100 CUBIC METERS

BLOCK
. TOTALS
1 2 3 3 S 6 7 8
1 .83 - 4.95 .00 7.63 23.25 53.98 46.4% 7.80 150,92
2 .00 .00 15.06 .00 46.66 74.43 39.00 .00 175.15
3 .00 .00 .00 171,67 101.10 54.60 163.79 7.77 493.54
4 .00 .00 .00 .00 15.55 61.99 236.12 .00 313.67
5 .00 .00 .00 .00 .00 7.77 62.19 15.60 85. 56
TOTALS 4.8 5.0 15.1 179.3 126.6 252.8 S47.6 31.2
1228. 2

OTHER TOTALS

TOTAL FOR 9.5MM SCREEN = 1224.25

MEAN FOR %.5MM SCREEN =

30.61



e
1

CONTINGENCY TABLE
TOTAL NUMBER OF MENIDIA BERYLLINA
ACTUAL DENSITIES .
BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE. INC
INTAKE STUDIES

DAY OF sSTUDY

ALL LARVAE PER 100 CUBIC METERS

BLOCK
o TOTALS
1 2 3 4 ] 6 7 .8
i 34.14 '9.90 15.40 30.50 100,77 133.94 193,71 15.60 534.96
2 .00 .00 52.70 .00 171.10 311.26 101.40 7.75 644.20
2 .00 .00 .00 234.09 139.99 195,04 397.79 7.77 974,65
4 .00 .00 7.73 .00 62.22 131.73 566,69 .00 768.37
S .00 6,16 .00 .00 + 00 7.77 . 186.57 15.60 216.11
TOTALS 34.1 16.1 75.8 264.6 474, 1 780.7 1446.2 46,7
3132,29

OTHER TOTALS

TOTAL FOR 9,.5MM SCREEN = 2138.2% MEAN FOR 9.5MM SCREEN = 78.46



CONTINGENCY TABLE
TOTAL NUMBER OF GOBIOSOMA BOSCI ALL LARVAE PER 100 CUBIC METERS
ACTUAL DENSITIES
BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE., INC
INTAKE STUDIES

DAY OF STUDY

BLOCK
TOTALS
1 2 3 4 5 5 7 8
1 .00 .00 .00 .00 .00 .00 .00 .00 .00
2 .00 . 00 .00 .00 .00 6.77 .00 .00 6.77
2 .00 .00 .00 .00 .00 .00 .00 .00 .00
4 .00 .00 .00 .00 .00 .00 .00 .00 .00
5 .00 .00 .00 .00 .00 .00 .00 .00 .00
TOTALS .0 .0 .0 .0 .0 6.8 .0 .0

OTHER TOTALS

TOTAL FOR 9.5MM SCREEN = 5,77 MEAN FOR 9.5MM SCREEN = .17



CONTINGENCY TABLE

TOTAL NUMBER OF UNIDENTIFIABLE ALL LARVAE PER 100 CUBIC METERS
ACTUAL DENSITIES

BY DAY AND BLOCK FOR 9,5MM SCREEN
mNZNZOﬁm ELECTRIC COOPERATIVE. INC
INTAKE STUDIES

DAY OF STUDY

BLOCK
TOTALS
1 X 2 3 4 S 6 7 8
1 13.66 =« 00 7.70 - 00 .00 33.73 92.98 15.60 163.67
2 .00 7.73 .00 .00 54.44 74.43 .00 7.75 144.35
3 7.73 - 00 6.05 - 00 23.33 39.00 155.99 .00 232.11
4 - 00 .00 .00 7.78 7.78 .00 175.40 23.40 214,36
5 .00 .00 7.73 7.75 .00 15.55 108.83 38.99 178.86
TOTALS 21.4 7.7 21.5 15.5 85.5 162.7 533.2 85.7

933.33

OTHER TOTALS

TOTAL FOR 9.5MM SCREEN = ?33.33 MEAN FOR 9.5MM SCREEN = 23.33



CONTINGENCY TABLE
TOTAL NUMBER OF ALL TAXA
ACTUAL DENSITIES
BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES

DAY OF STUDY

ALL LARVAE PER 100 CUBIC METERS

BLOCK
TOTALS
1 2 3 4 S 6 7 8
1 47.79 9.90 23.11 30.30 1060.77 175.42 294,43 31.20 713.12
2 - 00 7.73 52.70 - 00 225.54 392.45 101.40 15.49 725,21
3 7.73 .00 4£.05 241.90 163.32 ‘241,82 569.32 7.77 12327.94
4 .00 .00 7.73 7.78 69,99 131.73 769.03 23.40 100%.71
3 - 00 6. 16 7.73 7.73 .00 31.10 295,41 54.59 402.74
TOTALS S55.5 2387 97.3 287.9 559.6 972.5 2029.7 132.5
b 4152.24
OTHER TOTALS
4OHDJ FOR 9.5MM SCREEN = 4158.84 MEAN FOR 9.S5MM SCREEN = 103,97



CONTINGENCY TABLE

TOTAL NUMBER OF EPHEMEROPTERA

MEAN FOR 9.SMM SCFEEN = ool

NYMPH PER 100 CUBIC METERS
ACTUAL DENSITIES
BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES |
DAY OF STUDY
BLOCK
. TOTALS
1 2 3 4 5 6 7 s
1 243,82 .00 38.51 15.25 .00 53.96 .00 .00 251.54
2 .00 7.73 29.86 24,82 .00 .00 93,54 7.75 162, 6%
3 15.46 30.81 18.15 73.04 61.65 62.38 .00 .00 266,49
4 . 30.51 .00 .00 .00 .00 .00 .00 31.17 61.68
S .00 .00 .00 .00 7.78 31.09 .00 .00 2&.87
TOTALS 289.8 38.5 86.5 118.1 49.4 147.4 93.5 23.9
b E52.26
OTHER TOTALS
TOTAL FOR 9.5MM SCREEN = 882,26



CONTINGENCY TABLE
TOTAL NUMBER OF EPHEMEROPTERA

ADULT PER 100 CUBiC METERS

ACTUAL DENSITIES

BY DAY AND BLOCK FOR 9. sy SCREEN

SEMINOLE ELECTRIC COOPERATIVE, INC

INTAKE STUDIES
DAY OF sTupy
BLOCK
TOTALS
1 2 3 4 5 6 7 g
1 54.18 .00 .00 .00 .00 .00 .00 .00 54.1¢
2 .00 .00 .00 .00 .00 .00 .00 .00 .00
3 .00 « 00 .00 .00 .00 .00 .00 .00 .00
4 .00 .00 .00 .00 .00 .00 .00 .00 .00
5 .00 .00 .00 .00 .00 .00 .00 .00 .00
TOTALS 54.2 .0 .0 .0 .0 .0 .0 .0
S4.12
OTHER TOTALS
TOTAL FOR 9,5MM SCREEN = 54,18 MEAN FOR 9.S5MM SCREEN = 1.35

.



&}
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CONTINGENCY TABLE

TOTAL NUMBER OF EPHEMEROPTERA TOTAL PER 100 CUBIC METERS
ACTUAL DENSITIES

BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE. INC
INTAKE STUDIES

DAY OF stuDpy

. TOTALS
1 2 3 4 5 6 7 8
298.00 .00 3e.51 15.25 .00 53.94 .00 .00 405,72
.00 7.73 29.86 24,82 . 00 .00 93.54 7.75 163,69
1S5.46 20.81 18.15 78.04 61.65 62.38 .00 .00 246.4%
30.51 .00 .00 .00 .00 .00 .00 31.17 ISR
.00 .00 .00 .00 7.78 31.09 .00 .00 . FE. a7
TOTALS 344.0 38.5 86.5 118.1 69.4 147.4 93.5 38.9

936.44

OTHER TOTALS

TOTAL FOR 9.5MM SCREEN = 936.44 MEAN FOR 9.SMM SCREEN = Z£3.41



o

CONTINGENCY TABLE

TOTAL NUMBER OF DIPTERA

TOTAL FOR 9.5MM SCREEN = 13662.65

PUPAE PER 100 CUBIC METERS

ACTUAL DENSITIES

BY DAY AND BLOCK FOR 9.5MM SCREEN

SEMINOLE ELECTRIC COOPERATIVE., INC

INTAKE STUDIES
DAY OF STUDY
BLOCK
) TOTALS
1 2 3 4 5 6 7 8
1 135. 46 84.16 169.44 45,76 23.25 26.98 .00 93.50 572.55
2 124,07 440.50 293.55 372.24 523.98 676.43 342,98 108. 46 2857.23
3 247.33 442,15 54.70 265,33 893.86 405.50 1310.41 1375.54 5045, 15
4 106.80 395.44 208.64 822.00 684.82 123.95 728.15 342.84 B412.463
S .00 12.32 7.73 .00 38.89 341.98 683. 48 654,51 1739.11
TOTALS 613.6 1394.6 769.1 1505.3 2144.8 1574.8 3065.2 2575.2
3 1344245
OTHER TOTALS
MEAN FOR 9.5MM wnmmmz.u 341.57



ety

CONTINGENCY TABLE
TOTAL NUMBER OF DIPTERA ADULT PER 100 CUBIC METERS
ACTUAL DENSITIES
BY DAY AND BLOCK FOR 9.SMM SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES

DAY OF sSTUDY

BLOCK
) TOTALS
i 2 3 4 S & 7 3
1 27.09 24,75 46.21 7.63 , .00 20.94 .00 . 00 124,42
2 . 00 30.%1 .00 .00 .00 .00 31.13 .00 62.0%
& .00 7.70 46.05 . 00 .00 .00 .00 . 00 13.75
4 - .00 23.26 7.72 .00 62.26 .00 .00 31.17 124.41
= . 00 .00 . 00 olo 28,59 62.18 .00 &2.33 143, 80
TOTALS 27.1 86.6 50.0 7.6 101.1 143.1 21.2 93.5
S e o

OTHER TOTALS

TOTAL ¥OR 9.5MM SCREEN = 550.282 MEAN FOR 9.5MM SCREEN = 13.76



CONTINGENCY TABLE

TOTAL NUMBER OF DIPTERA " TOTAL PER 100 CUBIC METERS
ACTUAL DENSITIES

BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES

DAY OF STUDY

BLOCK
- TOTALS
1 2 3 4 S 6 7 3
i 189.64 142.57 231.06 21.51 23.253 122.86 245.95 155.24 1269.67
= 124.07 525.51 228.41 397.06 554.81 7320.54 434,52 116,21 G213.13
3 262.72 477.57 127,05 312.16 F24.68 434,69 1310.41 1391.39 524275
4 Nww.bm 426. 446 216.37 852.02 747.07 . 123.95 7582.09 424,24 JETTTL
S - 00 12.32 7.73 232,26 116.46 404,14 714.76 74&.01 202&.70
TQTALS 690.9 1585.4 910.6 1677.0 2366.5 1884.2 3489.7 2847.8
k) 15452.14
OTHER TOTALS
TOTAL FOR 9.5MM SCREEN = 15452. 14 MEAN FOR %.S5MM SCREEN = 386,30



CONTINGENCY TABLE

AN
TOTAL NUMBER OF  ZYGOPTERA TOTAL PER 100 CUBIC METERS
ACTUAL DENSITIES
BY DAY AND BLOCK FOR 9.5MM SCREEN
SEMINOLE ELECTRIC COOPERATIVE, INC
INTAKE STUDIES
DAY OF sTUDY
BLOCK
TOTALS
1 2 3 4 5 & 7 8
1 . 00 .00 . 00 .00 .00 .00 .00 .00 . 00
2 .00 .00 .00 .00 .00 27.06 .00 .00 7.064
3 .00 . 00 .00 . 00 <00 .00 .00 7.77 7.77
4 .00 . 00 .00 .00 .00 .00 .00 .00 - 00
5 .00 .00 .00 . 00 .00 .00 .00 . 00 .00
TOTALS .0 .0 .0 .0 .0 27.1 .0 7.8
34,583
OTHER +oq»rm
TOTAL FOR 9.5MM SCREEN = 34.93 MEAN FOR 9.5MM SCREEN =



TOTAL NUMBER OF

ACTUAL DENSITIES

CONTINGENCY TABLE

HYDRACARINA

BY DAY AND BLOCK FOR $.S5MM SCREEN

SEMINOLE ELECTRIC COOPERATIVE. INC

INTAKE STUDIES

DAYy OF sSTUDY

A}

ALL LARVAE PER 100 CUBIC METERS

BLOCK
TOTALS
1 2 3 4 5 6 7 8
1 .00 .00 .00 .00 .00 .00 .00 . 00 .00
2 . 00 15.4¢ .00 .00 .00 .00 62.36 .00 77.82
i .00 7.70 42.35 54,632 .00 .00 .00 15.55 120,22
4 .00 .00 30.91 31.02 .00 .00 26.97 .00 £5.70
5 21.31 .00 .00 7.75 62,22 .00 31.08 .00 132,35
TOTALS 31.3 23.2 72.3 93.4 62.2 120.4 15.5
419.29

TOTAL FOR 9.5MM SCREEN

OTHER TOTALS

419.29

MEAN FOR 9.S5MM SCREEN =

10.48



TOTAL NUMBER OF

CONTINGENCY TABLE

ACTUAL DENSITIES

AMFPHIPODA

BY DAY AND BLOCK FOR 9.5MM SCREEN

SEMINOLE ELECTRIC COOPERATIVE,

INC

INTAKE STUDIES

DAY OF STuDY

-ALL LARVAE PER 100 CUBIC METERS

TOTAL FOR 9.5MM SCREEN =

OTHER TOTALS

59643.98

MEAN FOR 9.5MM SCREEN =

BLOCK
TOTALS
i , 2 2 4 S 1S 7 8
1 2359.31 2128. 466 492,93 1212.52 256.57 5611.73 6517.5¢ 22898.56 22527.85
2 1003. 09 1221.05 1134.4% 1116.73 2989.7% 5194.98 2233, 48 472.60 15476, 22
3 S564.21 1024, 46 429.56 952.07 §93.86 1902.72 2371.21 590.74 §728.86
4 £02,463 519.50 479.10 384.04 1630.91 1797.21 843.00 342.34 716722
S 12.52 24,65 7.73 255,82 528.85 621.78 2227.96 1402.53 5491.54
TOTALS 5546.8 4928.3 2543.8 4421.2 6450.0 15128. 4 14918.2 5707.3
3 594642, 93

1491.10
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APPENDIX C

RESULTS OF PHASE III STUDIES
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TABLE C-6

BIOFOULING - ENTRAINMENT MONITORING
MACROINVERTEBRATES
(Densities by taxon in numbers per 100 meters3)
SEMINOLE ELECTRIC COOPERATIVE, INC.
DAY - JUNE 7, 1979

1 mm 2 mm Open Pipe
Taxa (No./100 m3) (No./100 m3) (No./100 m3)

Insecta*
Trichoptera
Psychomyiidae 10.44
Diptera
Chironomidae
Chironominae P 10.44 91.24
Chironominae L 10.44
Chironomini P 135.75
Chironomini L 5.22
Tanypodinae P 31.33 73.09 291.97
Tanypodinae L 36.49
Culicidae
Chaoborus sp. L 18.25
Chaoborus sp. 10.44

Zygoptera
Enallagma sp. 18.25

Arachnoidea
Hydracarina 5.22 20.88

Crustacea
Amphipoda
Gammaridae
Gammarus Sp. 15.66 20.88 912.41
Oediceratidae :
Monoculodes edwardsi 5.22 72.99
Corophiidae

Corophium sp. 10.44
Isopoda )

Idoteidae
Chiridotea coeca 46.99 52.21
Sphaeromatidae
Sphaeroma destructor , 36.50
Mysidacea
Mysidae
Mysidopsis bigelowi 20.88 857.66

*Insect Tife stages are larvae unless otherwise Tabeled. Life stages as
Tabeled are: L = larvae; P = pupae; A = adult.
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TABLE C-6 (Continued)
NIGHT - JUNE 7, 1979

Taxa

Insecta*
Ephemeroptera
Caenidae
Caenis sp.
Trichoptera
Psychomyiidae
Diptera
Chironomidae
Chironominae P
Tanypodinae P
Tanypodinae L
Culicidae
Chaoborus sp. L
Coleoptera
Corixidae A

Arachnoidea
Hydracarina

Crustacea
Amphipoda
Gammaridae
Gammarus sp.
Oediceratidae
Monoculodes edwardsi
Isopoda
Idoteidae
Chiridotea coeca
Sphaeromatidae
Cassidinidea lunifrons

1 mm

2 mm

Open Pipe

(No. /100 m3)

(No./100 m3)

(No./100 m3)

Sphaeroma destructor
Mysidacea
Mysidae
Mysidopsis bigelowi

10.44
10.44
93.98
146.19
10.44

563.89

20.88

198.40

10.44

10.44

52.21

20.88

15.66
67.88
20.88

402.04

109.64
5.22

15.66

31.32

15.66

109.63
62.64
15.66

751.76

15.66

31.32

297.57
46.98
15.66
15.66
15.66

1456.53



TABLE C-7

BIOFOULING - ENTRAINMENT MONITORING
MACROINVERTEBRATES
(Densities by taxon in numbers per 100 meters3)
SEMINOLE ELECTRIC COOPERATIVE, INC.
DAY - JUNE 23, 1979

1 mm 2 mm Open Pipe
Taxa (No./100 m3) (No./100 m3) (No./100 m3)
Insecta*
Ephemeroptera
Caenidae
Caenis sp. 3.91 9.11
Trichoptera P 2.60
Hydroptilidae 1.30
Limnephilidae 2.60
Psychomyiidae 10.42 10.42
Diptera
Chironomidae
Chironominae L 49.49 63.82 8.38
Chironominae P 1.30 40,37 5.86
Tanypodinae P 58.61 10.42 9.22
Tanypodinae L 10.42 3.90 0.84
Culicidae
Chaoborus sp. L 1.30
Coleoptera A 1.30
Crustacea
Amphipoda
Gammaridae
Gammarus Sp. 13.02 16.93 5.86
Oediceratidae
Monoculodes edwardsi 1.30
Corophiidae
Corophium sp. 1.30
Isopoda
Idoteidae
Chiridotea coeca B 6.51
Sphaeromatidae
Cassidinidea lunifrons 0.84
Mysidacea
Mysidae
Mysidopsis bigelowi 3.90 11.72 7.54

*Insect 1ife stages are larvae unless otherwise labeled. Life stages as
labeled are: L = larvae; P = pupae; A = adult.



TABLE C-7 (Continued)
NIGHT - JUNE 23, 1979

1 mm 2 mm Open Pipe
Taxa (No./100 m3) (No./100 m3) (No./100 m3)
Insecta
Ephemeroptera
Caenidae
Caenis sp. 104.19 208.39 250.59
Trichoptera
Psychomyiidae 41.67 104.19
Diptera
Chironomidae
Chironominae P 62.52 270.90 93.97
Chironominae A 20.84 41.68
Chironominae L 20.84 41.68 31.32
Tanypodinae P 375.09 500.13 1472.20
Tanypodinae A 20.84 41.68
Tanypodinae L 166.71 156.62
Culicidae
Chaoborus sp. L 125.03 145.87 344.56
Chaoborus sp. P 41.68 83.36 344.56
Zygoptera
Coenagrionidae
Enallagma sp. 20.84
Arachnoidea
Hydracarina 62.52 83.36 93.97
Crustacea
Amphipoda
Gammaridae
Gammarus Sp. 896.06 1562.91 1597.49
Oediceratidae
Monoculodes edwardsi 104.19 62.52 125.29
Corophiidae
Corophium sp. 20.84 62.65
Isopoda
Anthuridae
Cyathura polita 187.54 250.07 93.97
Idoteidae
Chiridotea coeca 83.36 125.03 31.32
Sphaeromatidae
Sphaeroma destructor 31.32
Mysidacea
Mysidae
Mysidopsis bigelowi 1521.22 1583.74 3602.22




TABLE C-8

BIOFOULING - ENTRAINMENT MONITORING
MACROINVERTEBRATES
(Densities by taxon in numbers per 100 meters3)
SEMINOLE ELECTRIC COOPERATIVE, INC.
DAY - JULY 13, 1979

1 mm 2 mm Open Pipe
Taxa (No./100 m3)  (No./100 m3) (No./100 m3)
Insecta*
Ephemeroptera
Caenidae
Caenis sp. 56.38 30.54
Trichoptera
Leptoceridae 4.70
Psychomyiidae 18.79 11.74
Diptera
Chironomidae
Chironominae L 192.65 133.91 5.21
Chironominae P 65.78 32.89 108.14
Tanypodinae L 51.68 25.84 1.30
Tanypodinae P 112.77 70.48 1.30
Arachnoidea
Hydracarina 2.60
Crustacea
Nematoda 2.35
Amph1ipoda
Gammaridae
Gammarus sp. 75.18 14.09 1.30
Oediceratidae
Monoculodes edwardsi 1.30
Corophiidae
Corophium sp. 2.35
i Isopoda .
Anthuridae
Cyathura polita 2.35
L Sphaeromatidae
o Cassidinidea lunifrons 1.30
Mysidacea ‘
Mysidae
Mysidopsis bigelowi 4.70 10.42

*Insect [ife stages are larvae unless otherwise labeled. Life stages as
labeled are: L = larvae; P = pupae; A = adult.



TABLE C-8 (Continued)
NIGHT - JULY 12, 1979

1 mm 2 mm Open Pipe
Taxa (No./100 m3) (No./100 m3) (No./100 m3)

Insecta
Ephemeroptera
Caenidae
Caenis sp. L
Caenis sp. P
Trichoptera
Psychomyiidae
Diptera
Chironomidae
Chironominae P
Chironominae A
Chironominae L
Tanypodinae P
Tanypodinae A
Tanypodinae L
Culicidae
Chaoborus sp. L
Chaoborus sp. P
Zygoptera
Coenagrionidae

Enallagma sp.

Arachnoidea
Hydracarina

Crustacea
Amphipoda
Gammaridae
Gammarus Sp.
Oediceratidae
Monoculodes edwardsi
Corophiidae

Corophium sp.

Isopoda
Anthuridae
Cyathura polita
Idoteidae
Chiridotea coeca
Sphaeromatidae
Cassidinidea lunifrons

Mysidacea
Mysidae
Mysidopsis bigelowi

1608.76

61.09
20.36
81.46
1201.48
142.55

61.09

346.19
203.64
20.36

20.36
61.09

488.74

855.29

142.55
122.18
101.82
448.01
101.82
142.55

40.73
325.82

40.73

549.83
122.18
20.36

916.38

1785.43
31.32

31.32

219.26

62.65
1033.67

219.26
62,65

62.65

313.23
156.62

93.97
62.65
62.65

3257.64



TABLE C-9 (Continued)
NIGHT - AUGUST 9, 1979

Taxa

Insecta*
Ephemeroptera
Caenidae
Caenis sp. P
Caenis sp. L
Trichoptera P
Psychomyiidae L
Diptera
Chironomidae
Chironominae P
Chironominae A
Chironominae L
Tanypodinae P
Tanypodinae A
Tanypodinae L
Culicidae
Chaoborus sp. L
Coleoptera A

Arachnoidea
Hydracarina

Crustacea
Amphipoda
Gammaridae
Gammarus sp.
Oediceratidae
Monoculodes edwardsi
Talitridae
Hyalella sp.
Corophiidae

Corophium sp.
Isopoda

Anthuridae

Cyathura polita
Sphaeromatidae

Cassidinidea lunifrons

Mysidacea
Mysidae
Mysidopsis bigelowi

1 mm 2 mm R Open Pipe
(No./100 m3) (No./100 m) tﬁﬁzzzggﬁm%i

41.77
83.54 83.54
41.77
20.88 41.77
355.04 187.96
146.19
146.19 208.85
2339.12 2694.16
41.77
104.42 83.54
208.85 125.31
83.54
167.08 271.50
1232.21 1190.44
41.77
187.96 146.19
20.88
20.88 20.88
1086.02 856.28

104.42
20.88

41.77
20.88
292.39
20.88

20.88

41.77

584.78
20.88

20.88

16,352.96



TABLE C-10

BIOFOULING - ENTRAINMENT MONITORING
MACRO INVERTEBRATES
(Densities by taxon in numbers per 100 meters3)
SEMINOLE ELECTRIC COOPERATIVE, INC.
NIGHT - AUGUST 31, 1979

1 mm 2 mm Open Pipe
Taxa (No./100 m3)  (No./100 m3) (No./100 mS)
Insecta*
Ephemeroptera
Caenidae
Caenis sp. P 20.88 10.44
Caeni1s sp. L 62.65 31.33
Trichoptera 41.77
Limnephilidae 41.77
Psychomyiidae L 41.77
Diptera
Chironomidae
Chironominae P 41.77 135.75 83.54
Chironominae L 20.88 20.88 41.77
Chironominae A 20.88
Tanypodinae P 689.20 522.12 877.17
Tanypodinae L 20.88
Culicidae
Chaoborus sp. P 1420.18
Chaoborus sp. L 83.54 20.88
Corixidae 10.44
Arachnoidea
Hydracarina 146.19 41.77
Crustacea
Amphipoda
Gammaridae
Gammarus sp. 271.50 93.98 83.54
Oediceratidae
Monoculodes edwardsi - 83.54 20.88 125.31
Corophiidae
Corophium sp. 83.54 41.77
Isopoda
Anthuridae ,
Cyathura polita 10.44
Sphaeromatidae
Sphaeroma destructor 20.88

*Insect Tife stages are larvae unless otherwise labeled. Life stages as
labeled are: L = larvae; P = pupae; A = adult.
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TABLE C-10 (Continued)
NIGHT - AUGUST 31, 1979

1 mm 2 mm Open Pipe
Taxa (No./100 m3) (No./100 m3) (No./100 m3)
Mysidacea

Mysidae

Mysidopsis bigelowi 2464.43 908.50 6933.82
Mollusca

Gastropoda

83.54

Ferrissia sp.
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APPENDIX D

LIFE HISTORIES OF IMPORTANT
AND VULNERABLE SPECIES

TARPON FAMILY
Ladyfish

Ladyfish (Elops saurus) occur from southern New England to Brazil but

are rare north of North Carolina (Jones, et al., 1978). Information re-
viewed by Jones, et al. (1978) indicates ladyfish apparently spawn offshore,
broadcast probably pelagic eggs, and then disperse to inshore areas includ-
ing upriver to nearby freshwater (0.17 parts per thousand [ppt]) reaches.
Stage I larvae (an initial period of larval development) which range from
5.3 to 45 mm standard length (S.L.) have been collected only in offshore
waters; Stage II larvae (a middle period of negative growth) 45 to 18 mm
S.L. have been collected primarily along oceanic beaches and salt marshes;
and Stage III larvae (a second period of positive growth) 18 to 30 mm S.L.
near the freshwater transition zone of ponds and marshes. McLane (1955)
collected larvae 28 to 30.5 mm S.L. in the St. Johns River at salinities of
0.163 to 0.178 ppt. |
FRESHWATER EEL FAMILY

American Eel

The American eel (Anguilla rostrata) is very common in fresh and

brackish waters from southwest Greenland to Florida and throughout the Gulf
of Mexico (Scott and Crossman, 1973). Most of the eel's adult Tife is spent
in freshwater rivers and lakes and brackish water near river mouths. When
mature, from 5 to 18 years of age (ca. 457 mm long), the eels migrate to
deep offshore waters (Hardy, 1978). Spawning occurs in the Sargasso Sea
area of the Atlantic Ocean northeast of Cuba, probably in midwinter (Bigelow
and Schroeder, 1953). Little is known of spawning areas or activity but it

is suspected that the eggs are pelagic, and the adults die after spawning
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(Hardy, 1978). Eels reach coastal areas as elvers (65 to 90 mm long)
approximately 1 year after hatching and in the interim have undergone two
leptocephalus and two glass-eel stages.

SNAKE EEL FAMILY

Speckled Worm Eel

The speckled worm eel (Myrophis punctatus) occurs in offshore waters,

inshore beach areas, tidal marshes, and oligohaline creeks from North
Carolina to Brazil but 1is uncommon north of Florida (Wang and Kernehan,
1979). Information reviewed by Wang and Kernehan (1979) and Hardy (1978)
indicates that the species is euryhaline, occurring in salinities from 17 to
37 ppt. Spawning occurs in offshore waters in fall and winter and lepto-
cephalus larvae (48 to 80 mm Tong) and elvers (39 to 59 mm long) migrate
inshore and utilize shallow waters of bays and inlets as nursery areas.
Leptocephalus larvae were reported in salinity from 0.0 to 39.5 ppt. Elvers
are initially planktonic, but cease their planktonic existence between March
and May and burrow into mud or along grassy shores.

HERRING FAMILY

Atlantic Menhaden

Atlantic menhaden (Brevoortia tyrannus) is an abundant inhabitant

of coastal and estuarine waters from Nova Scotia to Florida (Wang and
Kernehan, 1979). Nicholson (1978) reported that the species consists of a
single population that overwinters in offshore waters off the southeast
coast of the United States, moves northward in spring, stratifies along
the coast by age and size during summer, and moves southward in late au-
tumn. Information reviewed by Young (1974) and Jones, et al., (1978)
indicates that most spawning occurs in the South Atlantic from January to
March and in the Middle Atlantic area from October to December and March to

May in salinities usually greater than 25 ppt. Larvae are initially carried
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by ocean currents to coastal areas and once able to swim (ca. 5.0 to 28.7 mm
Tong), they move to water of lTow salinity (fresh to 10 ppt) and metamorphose
into juveniles (30 to 50 mm). Emigration back to the sea occurs after the
first summer, as late as January in southern waters, although some late-
spawned young of the season may overwinter in the estuaries.

Threadfin Shad

The threadfin shad (Dorosoma petenense) occurs in the Gulf of Mexico

drainage and has been introduced to various disjunct localities throughout
the United States (Jones, et al., 1978). Data reviewed by Jones, et al.,
(1978) indicate adults are found in pelagic areas of bays, large rivers,
reservoirs, lakes, and estuaries. Adults are apparently euryhaline as fish
have been reported from salinities of 0 to 32.3 ppt. Spawning occurs in
freshwater from April through July. Adhesive, demersal eggs are shed in
open water or nearshore areas over beds of vegetation or other objects
projecting from the bottom. Larvae (5.2 to 20 mm long) are found only in
freshwater but juveniles (18 to 20 mm) may be found in brackish water. The

Juveniles prefer salinities below 15 ppt and are most common below 5 ppt.

ANCHOVY FAMILY
Bay Anchovy

The bay anchovy (Anchoa mitchilli) occurs in estuarine and coastal

waters from Maine through the Gulf of Mexico and is one of the most abundant
fishes from the mid-Atlantic région to the Gulf of Mexico (Wang and Kerne-
han, 1979). It is usually found in areas with muddy bottoms and brackish
water, but the distribution is so general that the fish may be expected also
in grassy areas and along sand beaches (Hildebrand, 1963). Hildebrand
(1963) further reported that virtually every section of the coast within the

range of the bay anchovy has a distinctive population, and that whatever
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migration does take place is an inshore offshore movement. A review of
available information by Jones, et al. (1978) indicates that fish mature in
about 2.5 months and that spawning in Biscayne Bay, Florida occurs all year,
though it is uncommon in December and January. Apparently, eggs are broad-
cast in waters less than 20 m (65.6 ft) deep in harbors and estuaries,
although possibly to the edges of the continental shelf. Dovel (1971) found
that eggs in the Chesapeake Bay area were most abundant 1in waters with
salinities of 13 to 15 ppt. Larvae (2.7 to 16 mm total length [T.L.])
predominate in surface waters and are very common in Biscayne Bay at
salinities ranging from 30 to 35 ppt. Juveniles (>22.5 mm S.L.) ascend
rivers and are found in both shallow and deeper waters. Dovel (1971) found
the highest densities of juveniles in the Chesapeake Bay area at salinities
of 3 to 7 ppt.

MINNOW AND CARP FAMILY

Golden Shiner

The golden shiner (Notemigonus crysoleucas) is indigenous to most

waters east of the Rocky Mountains; along the Atlantic coastal p]ain'it
occurs from the maritime provinces to Florida (Wang and Kernehan (1979).
Based on a review of available literature (Wang and Kernehan, 1979 and
Jones, et al., 1978), golden shiners prefer clear waters of lakes, rivers,
and streams with abundant vegetation. Although it is most abundant in
fresh and oligohaline waters (less than 2.0 ppt), specimens have been
collected at salinities up to 14.4 ppt. Spawning generally occurs from
March through October, when adhesive eggs are. typically shed over submerged
vegetation in shallow waters. Centrarchid nests often serve as a spawning
substrate. Juveniles (>18 mm T.L.) have been recorded from brackish water

and tidal freshwater among aquatic plants over various types of bottom.
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NEEDLEFISH FAMILY

AtTantic Needlefish

Atlantic needlefish (Strongylura marina) primarily inhabits inshore

shallow waters from Maine to Florida and throughout the Gulf of Mexico
(Dahlberg, 1975; Hardy, 1978). Based on reviews by Hardy (1978) and Wang
and Kernehan (1978), it is more common in brackish and marine waters (salin-
ity up to 36.9 ppt), but specimens have been collected in freshwater areas.
Spawning occurs from April through June in Florida; locations include
estuaries (salinity up to 18 ppt), inshore bays, and river mouths to fresh-
water locations. Demersal eggs containing attachment filaments are depos-
ited in masses of algae in shallow waters. Larvae and juveniles generally
are found in lower salinities than adults. Larvae (<48.2 mm T.L.) have been
reported from freshwater feeder streams; juveniles from 125 to 245 mm
long have been collected in lakes, rivers, bays, harbors, and along beaches.
KILLIFISH FAMILY

Rainwater Killifish

The rainwater killifish (Lucania parva) is a euryhaline specfes

(salinity range 0.0 to 48.2 ppt) that occurs from Cape Cod to Mexico
(Hardy, 1978). Adults school and utilize a wide range of habitats that
include offshore marine waters, marshes, ditches, brackish pools, and lakes
(Hardy, 1978). The spawning season is more or less continuous for popula-
tions in Florida, and more than one brood may be produced by a single female
(Hardy, 1978). Spawning occurs near the surface; the adhesive eggs are
shed over fine-leaved aquatic vegetation and masses of algae (Wang and
Kernehan, 1979). Hardy (1978), based on a review of available informa-
tion, indicated that the species migrates to fresher water to breed and

returns to saltier water after breeding. McLane (1955) detected no
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no migratory movements from collections in the St. Johns River. Newly
hatched larvae rest on the bottom and postlarvae swim just above the
bottom (Hardy, 1978).

LIVEBEARER FAMILY

Mosquitofish

The mosquitofish (Gambusia affinis) originally occurred from southern

New Jersey to Mexico and in the Mississippi drainage as far as central
I11inois, but through worldwide introduction now has a wider range than
any other freshwater fish (Hardy, 1978). Adults often congregate in large
schools; they have been found in most aquatic habitats and in waters up to
29 ppt salinity (Hardy, 1978). Laboratory experiments performed by Caster-
1in and Reynolds (1977) to determine behavioral preferences indicated that
the fish preferred calm water, dark-colored substrates, and subsurface
vegetation; floating cover was avoided. According to information reviewed
by Hardy (1978), mosquitofish mature from within 28 days to the second
summer of life and spawning may occur anywhere within their environment.
The spawning season extends throughout the year 1in Florida waters, With
longer periods betweeen broods in winter. Copulation is accomplished
through the modified anal fin of the male and eggs develop entirely within
the ovaries. Brood frequency varies from 2 to 8 per reproductive season.
Larvae swim immediately after birth and may seek refuge in shallow water,
but typically remain near the place of birth for up to 1 week. At 2 to 3

weeks, juveniles venture into deeper water; at about 4 weeks they begin

moving with adults.
SILVERSIDE FAMILY

Rough Silverside

The rough silverside (Membras martinica) is a resident of inshore

waters from New York to Mexico but is most numerous in the southern
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part of its range (Wang and Kernehan, 1979). Information on habitat prefer-
ence reviewed by Martin and Drewry (1978) indicates the silverside is
commonly found in open shallow water along exposed shorelines with little
vegetation. The salinity ranges from freshwater to about 37 ppt. Fish
appear in upstream areas in summer and early fall, and evidence exists of an
offshore movement with onset of lower temperatures. Other information
reviewed by Martin and Drewry (1978) and Wang and Kernehan (1979) indicates
that spawning occurs just outside the breaker zone on sandy beaches pri-
marily in waters with salinities of 20 to 25 ppt. The spawning season
appears to extend from late spring through most of the summer. Eggs are
demersal and possess adhesive filaments for attaching to vegetation, debris,
or each other. Egg clusters and debris are carried inshore to the inter-
tidal zone 1in large clusters by wave action. Larvae and juveniles were
collected from the Chesapeake Bay area in water of less than 15 ppt salinity
(Dovel, 1971).

Tidewater Silverside

The tidewater silverside (Menidia beryllina) inhabits estuarine and

inshore waters from Cape Cod to Mexico (Wang and Kernehan, 1979). It is
most commonly found in waters of low salinity (<10.0 ppt) over sand or
gravel substrate, espeéial]y in association with aquatic vegetation.
Spawning occurs in waters of very low salinity (<5 ppt) during May through
August and demersal adhesive éggs are broadcast over vegetation or other
bottom debris (Martin and Drewry, 1978). Habitat for larvae, juveniles, and
adults is essentially the same--vegetated shallows of waters ranging in

salinity from 0 to 15 ppt and concentrated at 2 to 8 ppt (Martin and Drewry,

1978).
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SUNFISH FAMILY

Bluegill

The bluegill (Lepomis macrochirus) occurs from southern Canada south-

ward to northeastern Mexico and Florida. Typical adults weigh from 3 to 6
ounces; a fish weighing more than a pound is very uncommon. Bluegills
abound in artifical impoundments, but are also common in the deeper pools
and backwaters of streams and rivers. They live in clear warm water where
aquatic plants are abundant. They have a strong tendency to school, and are
often found in loose aggregations of 20 or 30 fish (Pflieger, 1975).

Bluegills reach sexual maturity at 1 to 3 years of age; females produce
about 2,500 to 80,000 adhesive amber-colored eggs, with an average of 17,933
for Buckeye Lake in Ohio (Bell, 1973; Carlander, 1977; Scott and Cross-
man, 1973). Spawning occurs from late May to July at temperatures of 19°C
to 27°C (67°F to 80°F), according to Calhoun (1966) and the Ohio Department
of Natural Resources (no date). A nest is built in 0.3 or 0.6 m (1 or 2
feet) of water on almost any type of bottom, although gravel is preferred.
Often many nests are located close together. The male guards the nest unfi]
the fry leave, usually several days after hatching. Growth is rapid; as the
fish become larger, they move to deeper water (Pflieger, 1975; Scott and
Crossman, 1973). Calhoun (1966) reported thermal preferences of 16°C to
27°C (60°F to 80°F) for bluegill.

Insects are the staple food, but these fish are known to eat a wide
variety of foods, including zooplankton, small fish, fish eggs, snails,
mollusks, mites, small crayfish, amphipods, and algae (Calhoun, 1966;
Pflieger, 1975).

Bluegill are probably the most popular sport sunfish in North America.

They may easily be caught with worms, crickets, and many other kinds of

insects.
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Largemouth Bass

The Targemouth bass (Micropterus salmoides) ranges from southern Quebec

to northeastern Mexico and from Minnesota to Florida. In addition, it has
been widely introduced outside its natural range and habitat. lLargemouth
bass in Florida are considered to be a separate subspecies.

Adult Targemouth bass are ordinarily 254 to 508 mm (10 to 20 inches)
long and weigh 0.5 to 4 pounds. The largest representatives of this spe-
cies, which come from lakes, may measure nearly 0.6 m (2 ft) and weigh close
to 9 pounds (Trautman, 1957); Florida specimens may weigh considerably
more.

Largemouth bass typically frequent the quiet backwaters of large
low-gradient rivers and the weedy embayments, shallows, and marshes of
lakes. They prefer warm, moderately clear water and abundant vegetation,
and avoid flowing water. Acceptable bottom types range from soft muck and
organic debris to firm gravel, sand, or hard clay (Pflieger, 1975; Trautman,
1957). In the daytime they are found in deep water around submerged ob-
Jjects; in the evening they move to the shallows to feed (Pflieger, 1975),

In Tennessee, largemouth bass spawn in their second year (Breder and
Rosen, 1966). In Canada, however, males spawn when 3 to 4 years old, and
females when 4 to 5 years old. A single female may carry as many as 100,000
eggs, averaging about 2,000 to 7,000 eggs per pound (Scott and Crossman,
1973). The spawning season begins about mid-April and extends to late May
or June. Males may clear areas for nests in any silt-free area, although
rocky or gravelly bottoms seem to be preferred. Sometimes the eggs are
deposited on submerged vegetation with little apparent nest preparation in
streams; favored spots are sloughs, oxbows, the deep quiet portions of
pools, or other areas without currents (Pflieger, 1975). Water depth is

usually about 0.3 to 1.2 m (1 to 4 ft) (Scott and Crossman, 1973). The
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water temperature averages about 21°C (70°F). The nests are often used
later by other fish (Breder and Rosen, 1966).

The eggs are guarded by the male and hatch in 3 to 10 days. Fry begin
to feed when 5 to 8 days old, but remain in a tight school over the nest
until some 5 days later, when they begin to move about the nursery area.
The male stays with the schools of tiny fish for several days after they
leave the nest. These schools may include 4,000 to 5,000 young, and do not
disperse until about a month after hatching (Breder and Rosen, 1966; Pflie-
ger, 1975). The survival rate for young largemouth bass is extremely Tow;
of these thousands of fry in a school only 5 or 10 may live to reach a
length of 254 mm (10 inches) (Scott and Crossman, 1973).

At first the fry eat cladocerans (water fleas) and other small crusta-
ceans. As they grow they begin to eat aquatic insects and larvae as well.
The diet of the adult fish includes: fish (especially gizzard shad), cray-
fish, large insects, and occasionally such tidbits as frogs and mice (Pflie-
ger, 1975).

The largemouth bass is one of the most important sport fish in the
United States. A variety of natural baits and artificial lures can be
used with success (Pflieger, 1975).

DRUM FAMILY

Spot

The spot (Leiostomus xanthurus) is common in inshore and estuarine

waters from Massachusetts to Mexico (Wang and Kernehan, 1979). Information
reviewed by Johnson (1978) and Wang and Kernehan (1979) indicates adults are
euryhaline (taken in salinities from 0 to 60 ppt) and are commonly found
over mud and sand bottoms in inside waters and offshore to at least 132 m

(433.2 ft). Both Atlantic and Gulf Coast populations migrate offshore
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in fall to spawn and to escape low temperatures. Fish mature at the end of
their second year or early in their third, and there are indications that
the fish do not survive after spawning. Spawning in Florida waters occurs
from December through March. Generally, spawning areas are well offshore in
moderately deep water with possibly some activity near beaches. Larvae
migrate inshore and enter estuarine nursery grounds as juveniles (20.8 to 50
mm) about 4 months after hatching. Although juveniles have been taken in
salinities from 0 to 34.2 ppt, smaller individuals are taken generally in
waters with salinity below 4.9 ppt.

Atlantic Croaker

The Atlantic croaker (Micropogon undulatus) frequents inshore waters

from Massachusetts to Argentina and the Gulf of Mexico (Dahlberg, 1975). In
a review of available literature, Johnson (1978) reported that adults are
most abundant on mud-sand mixture substrates, particularly near mouths of
tidal sounds and several miles offshore. The fish is most abundant at
higher salinities, although it has been taken in salinities ranging from
0 to 70 ppt. General seasonal movements are up estuaries in spring énd
oceanward in fall. South of Cape Hatteras fish mature at about the first
Yyear, and spawning usually occurs offshore but may occur in larger estu-
aries. Spawning season lasts from September through possibly June for fish
south of Cape Hatteras, with peak activity occurring around October or
November. Larvae spend their first days at sea and move toward the
estuaries. Juveniles (11 to 110 mm) are found in estuarine and coastal
waters at moderate depths to shoal waters. Most move well up into tidal
streams to areas of reduced salinity (0 to 21 ppt), and then move seaward

as growth proceeds. Few remain in tidal rivers or sounds more than 1 year.
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Juveniles taken in Chesapeake Bay during spring and summer were concentrated
midway up the estuary at about 18 ppt salinity and were primarily confined
to bottom waters of relatively deep channels. Although juveniles were taken

in salinities from 0 to 36.7 ppt in Texas, they were most abundant below 15

ppt.
GOBY FAMILY

Darter Goby

The range of the darter goby (Gobionellus boleosoma) extends from

Delaware Bay to Brazil (Dahlberg, 1979). Dahlberg (1979) reported their
habitat to include high salinity tide pools and occasionally waters of beach
and high marsh. Gunter (1945) reported their presence in shallow water over
muddy bottoms in lower estuaries and sounds in waters with salinity ranges
from 0.3 to 34 ppt. McLane (1955) reported collections from waters ranging
in salinity from 13 to 18 ppt. Data reviewed by Fritzsche (1978) indicate
that spawning occurs in high salinity areas from mid-March to April. Eggs
are demersal and are attached to submerged objects by means of threads.

Naked Goby

The naked goby (Gobiosoma bosci) is an inshore species that inhabits

oyster and clam beds, marshy pools, shallow vegetated waters, and beaches
from Connecticut to Mexico (Wang and Kernehan, 1979). Although the species
occurs over a salinity range of 0.04 to 45 ppt, a distinct preference is
indicated for salinities under 22 ppt (Dawson, 1969). Spawning generally
commences in May and continues into October. Eggs may be attached to
the inside of gaping shells of dead oysters, clams, or other debris and are

guarded by the male until they hatch (Dahlberg and Conyers, 1973). Larvae

- (10 to 15 mm long) generally are found upriver, or at least in water with

salinities less than 18.5 ppt (Fritzsche, 1978).



Clown Goby

The clown or largemouth goby (Microgobius gulosus) is common on muddy

estuarine substrates and in habitats protected by aquatic vegetation ranging
from Chesapeake Bay to Corpus Christi, Texas (Fritzsche, 1978). McLane
(1955) reported that the breeding season extends from March through August
in the St. Johns River, Florida and that the species was collected in waters
with salinities ranging from 0.089 to 8.8 ppt.

LEFTEYE FLOUNDER FAMILY

Bay Whiff
The bay whiff (Citharichthys spilopterus) occurs from New Jersey

to Brazil including the Gulf of Mexico and the Caribbean (Dahlberg, 1975).
Based upon a review of available information, Martin and Drewry (1978)
indicated that the species is found in very shallow water on mud and fre-
quently among mangroves. The species is apparently euryhaline but is
reported to prefer higher salinities. No clear pattern of seasonal move-
ments was discerned. McLane (1955) reported the species to occur in the
main channel of the St. Johns River, in tidal tributaries, and over séndy

and muddy bottoms in open waters. He collected the species at salinities

ranging from 1 to 15 ppt.






